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Most parents used in single-cross maize (Zea mays L.) hybrid seed 
production are highly inbred lines that have been developed through 
many generations of selfing and evaluation. During the selfing 
generations of these lines, they become less vigorous and their yield 
potential for salable seed becomes relatively low. Also, pollen 
production may become limited because of their reduced vigor. Many 
times, lines with good combining ability are identified in the first 
few generations of inbreeding, but after additional generations of 
selfing, they become too weak (i.e., reduced grain yield or pollen 
production) to be used economically. Thus, good combining lines that 
would contribute to the seed corn industry may be discarded because of 
their severe inbreeding depression. Consequently, the question may be 
asked whether or not it is necessary to use pure lines as parental 
stocks in seed production, especially since partially inbred lines can 
be expected to yield more seed or produce more pollen than if they were 
inbred to complete homozygosity. 
Lines that have not been inbred in an ear-to-row system for many 
generations will contain within-line genetic variability, which can be 
expressed in hybrid progeny. For example, if two lines were 
crossed, the single cross produced would contain variability similar to 
a double-cross hybrid. However, if a line is inbred for two 
generations, such that the S2 line is the progeny of a selected plant 
within an line, the genetic within-line variability would be 
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reduced by 50% compared to the line. Russell (W. A. Russell, 
Department of Agronomy, Iowa State Universitsy, 1986, personal 
communication) has noted that S2 lines are relatively uniform 
phenotypically, while being more vigorous than highly inbred lines. In 
an earlier study, Loeffel (1971) suggested that it may be feasible to 
use S2 or S3 parental lines for hybrid seed production. 
The use of S2 lines to produce hybrids would have several 
advantages: (1) lower seed costs for the farmers because of the 
increased productivity of the S2 lines compared with highly inbred 
lines. (2) S2 lines would be less sensitive to environmental effects 
because of their greater heterogeneity. (3) Some good combining lines, 
which may normally be discarded because of poor seed or pollen 
production after extensive inbreeding, could be utilized at the S2 
level because of increased vigor. Although the use of S2 lines has 
many advantages, there are also some potential disadvantages: (1) the 
hybrid progeny will have variability for plant and ear traits. (2) 
Off-type plants may be more difficult to detect in seed production 
fields. (3) S2 lines will be more difficult to manipulate than 
homozygous lines (i.e., conversion to cytoplasmic male sterility, 
introduction of specific genes by backcrossing). (4) The genetic 
heterogeneity within S2 lines may result in genetic changes because 
of drift during line maintenance, which may also cause changes in the 
hybrids. 
This study was initiated: (1) to determine if measurable changes 
of one or more traits have occurred in S2 maize lines after several 
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generations of maintenance (i.e., reproduction). (2) To obtain 
information for the number of plants needed in the maintenancce of an 
S2 line, such that genetic changes will not occur because of finite 
sampling. (3) To determine if mild selection during the maintenance of 
S2 lines can be used to influence some favorable changes in plant and 
ear traits. (4) If changes have occurred in the S2 lines, to assess 
the expression of these changes in single crosses. 
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LITERATURE REVIEW 
The Use of Heterogeneous Lines in Hybrids 
The widespread use of single-cross maize hybrids since the early 
1960s has increased the importance of the performance of the inbred 
lines per se. Today's maize hybrids in the U.S. are usually produced 
by intercrossing two highly inbred lines selected for their good 
combining ability and performance per se. However, some studies have 
suggested the potential use of partially inbred lines for the 
development of hybrids. Davis (1934) was one of the first to explore 
the potential use of heterogeneous lines in the production of hybrid 
maize. His study involved using S2 (F = 0.75) lines that had been 
derived from local cultivars on the basis of their combining ability. 
These lines were subsequently crossed to a widely grown cultivar, 'Yuco 
Torre', and these crosses showed a significantly greater yielding 
ability than did the widely grown open-pollinated varieties. The 
further inbreeding of the S2 lines to the generation produced no 
yield advantage over the S2 lines when evaluated in hybrid 
combination with a tester. 
The potential use of lines as an effective method to improve 
the performance of synthetic varieties was suggested by Kinman and 
Sprague (1945). They hypothesized that, if lines with good 
combining ability could be developed, then their performance in a 
synthetic would be similar to using highly inbred lines. However, the 
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more vigorous lines would enable easier production of the 
synthetic, 
Wellhausen and ffortman (1954), working with maize in Mexico, 
observed favorable results by using heterogeneous inbred lines. He 
developed improved synthetic varieties by utilizing lines in 
crosses to local varieties. Further research led to the wide use of 
double and three-way crosses using lines. Results from this 
research showed that the new synthetics out-yielded the local varieties 
by 17%, while crosses improved yields by over 34%. Further 
inbreeding produced more homozygous lines that were utilized in his 
program, but no significant yield advantage over the hybrids was 
observed. Wellhausen concluded that partially inbred lines had two 
main advantages over homozygous lines; (1) easier seed production 
because of their greater yield potential per se. and (2) more 
flexibility in changing lines to meet new disease and insect problems. 
Single crosses using lines from the original and advanced 
cycles of two synthetic populations were evaluated by Loeffel (1964). 
His results generally showed that commercial single-cross hybrids and 
double-cross hybrids were superior to the x hybrids for grain 
yield and lodging resistance. However, the x crosses, when 
averaged over environments, showed a lower genotype x environment 
interaction than did the commercial single-cross hybrids, but had 
larger plant-to-plant variation for ear weight, ear length, ear height, 
days to silk, and kernel row number. He noted that the use of 
lines would help increase the productivity of seed production fields. 
6 
but problems could arise when maintaining the lines because of 
changes caused by genetic drift. 
In a later study, Loeffel (1971) evaluated a different set of 
line crosses and looked at the problems involved in maintaining 
partially inbred lines. He compared eight lines and the 
lines developed from each of the lines in testcross combinations. 
The results showed that the more homozygous lines were generally 
inferior to the lines in testcrosses for grain yield. However, 
the testcross performance of the best visually selected Sg line was 
greater yielding than the original line and also tended to have a 
higher harvest moisture and silked later. He also observed that 50% of 
the single crosses of lines maintained by sib-mating for four 
generations were lower yielding than the original S^-line crosses. 
He concluded that negative genetic drift was the main cause for the 
change in productivity between the original and maintained lines. 
Stangland and Russell (1981) studied the variability associated 
with using partially inbred lines (S^) and highly Inbred lines (Sg) 
in single crosses. They evaluated 22 S2 x S2 crosses and their 
Sg X Sg derivatives, along with six check hybrids in central Iowa. 
In general, the Sg x Sg hybrids were more variable than the Sg x 
Sg hybrids for all traits except ear diameter. However, the average 
grain yields of the two groups were almost identical, but there were 
some lines whose combining ability did change (not significantly) 
during the inbreeding process. They concluded that the use of Sg 
lines in hybrids would have several advantages, including greater seed 
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yields in the production of hybrids and increased stability of the 
hybrids because of their lower genotype x environment interaction 
compared with single crosses of highly inbred lines. 
Visual Selection During Inbreeding 
Plant breeders normally conduct some type of visual selection 
during inbreeding as part of their breeding program. Maize breeders 
practicing selection during inbreeding must consider both the line 
performance per se and the combining ability of the line. Various 
studies have been conducted evaluating the effectiveness of visual 
selection in both autogamous and allogamous species. 
Visual selection during line development in autogamous species 
Prey (1962) compared the effects of visual selection among F2 
plants for agronomically desirable and undesirable types with randomly 
selected individuals in each of two oat (Avena sativa L.) crosses. One 
cross produced no significant difference for mean grain yield among the 
three sets of selected plants (desirable, undesirable, and random); in 
the other cross, random and desirable lines outyielded the undesirable 
lines, but were not significantly different from each other. Thus, 
visual selection was no better than random selection for discarding 
undesirable phenotypes. An extension of the study found that selection 
for grain yield on the single-plant basis was deemed ineffective 
because of low heritability caused by large microenvironmental 
influence 
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Atkins (1964) evaluated the effectiveness of visual selection 
among Fg plants in barley (Hordeum vuleare L.). His results 
indicated that desirable selections were slightly higher yielding than 
random plants, while desirable and random selections were both superior 
to the undesirable selections. He concluded that visual selection was 
not effective in isolating the best phenotypes, but could be used to 
discard the inferior phenotypes. In similar studies with wheat 
(Triticum aestivum L.), McGinnis and Shebeski (1968) and Knott (1972) 
evaluated desirable, undesirable, and randomly selected F2 plants. 
Both authors concluded that visual selection had some worthwhile 
effects; however, it had little practical benefit for yield 
improvement. 
In another study involving wheat, Briggs and Shebeski (1970) 
evaluated the effects of visual selection among 828 Fg lines. They 
attempted to select the best and poorest lines for agronomic traits 
based solely on their visual appearance. Their results showed that 
visual selection was not effective in selecting the highest yielding 
lines, but was effective in discarding the poorest lines when a low 
selection intensity was used. 
In an experiment conducted by Stuthman and Steidl (1976), visual 
selection was practiced among Fg lines from unadapted x adapted line 
oat crosses for low yielding, high yielding, and random lines. Their 
data showed that visually selected, high yielding lines were superior 
to random lines, although one population showed the opposite result. 
They concluded that their results were not conclusive in regard to the 
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value of visual selection in detecting the highest yielding lines. 
Nass (1983) evaluated the worth of different methods for selecting 
among ?£ plants by using two wheat crosses. The selection procedures 
included: (1) selection of random F2 plants; (2) visual selection 
carried out separately by three persons; (3) selection based on F2 
plant head weight; and (4) selection based on F2 harvest index. His 
data showed that visual selection was as effective as any of the other 
methods, and less expensive and faster. 
In general, the literature seems to indicate that visual selection 
is an effective means of discarding the poorest individuals or lines 
for yield, but not very effective in selecting the highest yielding 
phenotypes in autogamous species. 
Visual selection during line development in maize 
Maize breeders normally practice visual selection during inbred 
line development for many different traits. Probably most breeders 
have a mental image of the ideal "ideotype" that will give the best 
performance in hybrid combinations (Mock and Pearce, 1975). Most 
studies evaluating visual selection in maize have examined the 
influence of such selection on the combining ability of lines rather 
than on the lines performance tier se. Jenkins (1935) examined 
testcross performance of selected and discarded lines from the 'lodent' 
and 'Lancaster' populations in the through Sg generations. In 
most cases, there was no significant difference between testcross 
yields of the selected and discarded lines, but selected progenies 
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tended to be slightly more productive than discarded ones. Also none 
of the selected lines was significantly different from a parent in 
testcross performance for grain yield. His data indicated that visual 
selection was not effective for improving combining ability during 
inbreeding; however, it was successful in discarding undesirable 
genotypes. 
Working with sweetcom. Singleton and Nelson (1945) reported that 
visual selection during inbred line development was effective in 
increasing the yield performance of the testcrosses. They concluded 
that combining ability could be improved by visual selection during the 
inbreeding process and that inbreds should not be evaluated for 
combining ability until at least the Sg generation. Thus, they 
believed that early generation testing for combining ability was not 
needed because breeders could alter a trait positively by visual 
selection during segregating generations. 
Lonnquist (1950) showed positive evidence that combining ability 
could be altered by selection within inbred lines of maize. He 
produced lines with both superior and inferior combining ability 
relative to the original lines from which they were obtained; however, 
testcrosses of plants within lines, and not visual selection, were used 
for selection. His data showed that high-combining inbred lines were 
selected from high-combining lines, which supports early 
generation testing. Lonnquist concluded that the most efficient way to 
obtain lines with the highest combining ability is through the use of 
early generation testing. 
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Sprague and Miller (1952) reported data from two experiments that 
evaluated the effects of visual selection during inbreeding on the 
frequency of desirable genes for combining ability. In their study, 
pedigree selection was begun at the generation and conducted until 
the Sg generation for six lines. Visual selection for disease 
resistance, lodging resistance, and plant and ear traits was generally 
done among and within 25-plant progeny rows. They evaluated the x 
S^-line crosses through the Sj x S^-line crosses and observed 
that no significant yield improvement had been made by four generations 
of visual selection. Their data indicated that visual selection during 
inbreeding was ineffective in improving the combining ability of the 
lines, but was effective in improving the stalk quality of the lines 
per se and their hybrids. 
In an experiment conducted by Wellhausen and Wbrtman (1954), 
lines and their Sg progenies, derived by visual selection, were 
evaluated in testcrosses to one or more testers. The lines had 
already been selected based on their good general combining ability. 
The Sg-derived lines showed a small, positive increase in combining 
ability compared to the lines from which they were selected, but 
only when testcross evaluation was conducted in the same environment in 
which visual selection had been conducted. In contrast, visual 
selection caused a slight reduction in combining ability when 
testcrosses were evaluated in different environments. In general, 
visual selection during inbreeding was not effective for improving 
combining ability in this study. 
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The yields of x crosses were compared to those of 
advanced line crosses (S^ x S^) that had been developed from each 
line via visual selection (Osier et al., 1958). Their data 
indicated that combining ability was improved for over half of the 
X hybrids studied. Direct comparisons of specific hybrids 
revealed that 57%, 25%, and 18% of the x crosses were 
superior to, equal to, and poorer than their x counterparts 
for yield, respectively. Therefore, visual selection was effective for 
improving combining ability of the advanced inbred lines (S^). 
Brown (1967) developed 1,160 unselected Sg lines from four 
open-pollinated varieties, and four different breeders rated these 
lines visually on a scale of 1 to 5, 5 being the best. Twenty random 
lines from both the high group and low group were testcrossed to a 
synthetic variety. Testcrosses of lines from both groups showed no 
significant yield differences. Therefore, the visual appearance of a 
line per se had no relationship to its combining ability; however, the 
testcrosses of the high-rated lines did have lower stalk and root 
lodging compared to the other lines. 
Russell and Teich (1967) compared visual selection with selection 
based on testcross performance as methods of selecting among and within 
lines during inbreeding. Testcross selections were made in the F2 
through generations, while visual selections among and within 
progeny rows were done in the F2 through Fg generations. Each 
method was evaluated by testing the lines per se and in testcross with 
WF9 X 1205. Lines selected visually had greater grain yield per se 
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than did those selected by testcross performance. The testcross data 
showed that all selection methods, except visual selection at low plant 
density, gave an increase in combining ability. They concluded that 
"selection by visual evaluation of inbred line performance in dense 
stands was at least as effective as selection by extensive 
testcrossing, and far more efficient." 
In a later study, 20 inbred families from the Russell and Teich 
study were evaluated further in testcrosses by El-Lakany and Russell 
(1971). Based on previous data, 10 of the families were chosen for 
their high combining ability and 10 families for their low combining 
ability at the Fg generation. Within each group of 10 families, five 
had been developed by visual selection and five by testcross 
selection. The F^, F2, F3, and F^ generations of each family 
were testcrossed to WF9 x 1205 and evaluated in multiple environments. 
Their results showed that selection within lines by using either method 
was effective in increasing combining ability of the high combining 
lines, but no consistent results were obtained for the low combining 
lines. El-Lakany and Russell suggested that, if combining ability is 
to be improved, it is essential that superior plants be retained in the 
early generations of selection. 
Russell and Machado (1978) evaluated five selection procedures for 
the development of maize inbred lines. They looked at the following 
five groups of lines: (1) lines visually selected at a density of 
59,000 plants ha"^ and rows spaced 102 cm; (2) lines visually 
selected (one ear per plant types) at a density of 29,000 plants ha"^ 
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and rows spaced 102 cm; (3) lines visually selected (two ears per plant 
types) at a density of 29,000 ha"^ and rows spaced 102 cm; (4) lines 
visually selected at a density of 59,000 ha"^ and rows spaced 51 cm; 
and (5) lines selected on the basis of their testcross performance 
(early generation testing). These lines were also crossed to a tester 
(la 5724). Their results showed no significant differences among group 
testcross yields averaged over all plant densities and environments. 
They concluded that visual selection was just as effective as early 
generation testing in the development of superior inbred lines. 
Inoue and Okabe (1982) studied the effect of visual selection on 
improving combining ability by using different types of genetic 
material. They produced three groups of lines by visual selection 
among and within progenies for agronomic traits. The lines were 
derived from three different sources, an open-pollinated Japanese 
flint, a Chinese double-cross hybrid, and BS5. Testcrosses of the 
lines and original populations showed no combining ability improvement 
for lines from BS5, but improved combining ability for lines from the 
Chinese double cross and Japanese flint populations. Inoue and Okabe 
concluded that visual selection could effectively improve combining 
ability in unimproved populations but not in more elite germplasm 
sources. 
In general, visual selection during the development of maize 
inbred lines has no conclusive effect on their combining ability, since 
both positive and negative results have been reported in the 
literature. The general consensus would probably be that, while visual 
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selection is effective for selecting highly heritable traits, its 
usefulness for improving combining ability may be limited. Visual 
selection for desirable inbred traits, however, does not seem to be 
detrimental to combining ability. 
Correlations Between Inbred Lines and Their Crosses 
Maize breeders must consider both the inbred line performance per 
se and hybrid performance in developing high-yielding, single-cross 
hybrids that can be produced economically. Many studies have been 
conducted correlating the performance of the inbreds and their crosses, 
but the relationship has not been close enough to be of predictive 
value (Hallauer and Miranda, 1981). Jenkins (1929) investigated the 
relationship between yield and yield components and other agronomic 
traits in maize lines and their hybrid progenies. He observed that the 
inbred lines per se showed positive, significant phenotypic 
correlations between grain yield and plant height, ears per plant, ear 
length, ear diameter and shelling percentage. However, he also 
observed negative, significant correlations between yield and days to 
silk, shrinkage of harvested ears, ear-shape index, and chlorophyll 
grade. Hybrid grain yield showed a positive, significant correlation 
with the following characters of the parental inbred lines : days to 
anthesis, days to silk, plant height, node number below the ear, ears 
per plant, ear length, and yield, while only ear shape produced a 
negative correlation. He concluded that the most productive crosses 
may be expected from the highest yielding lines. 
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Working with sweetcom, Johnson and Hayes (1936) reported that the 
association between inbred line traits and their crosses was small. A 
few traits showed small correlations between the inbred lines and the 
yield of their crosses. In general, ear length and stalk diameter of 
the lines tended to be positively correlated with hybrid yield, while 
the number of tillers per plant was negatively correlated with hybrid 
yield. 
Hayes and Johson (1939) presented data from various studies 
showing that many maize inbred line characteristics are generally 
correlated with vigor. The yield performance of the inbred lines per 
se was shown to be strongly correlated with three traits; ear length, 
ears per plant, and seed size. 
Ortiz-Cereceres (1967) evaluated the performance of 124 $2 
inbred lines developed from 'Com Borer Synthetic No. 3' and their 
testcrosses at two different plant densities, 39,536. and 59,304 plants 
ha"^. He also evaluated the effect of plant density on the 
correlations among seven agronomic traits, as expressed in the lines 
per se and their crosses. His results indicated that the selection for 
any trait in the inbred lines at either plant density may be as 
effective as selection for the same trait in their crosses. He 
concluded that selecting within and among inbred lines for specific 
characteristics may be helpful in altering these same traits in their 
crosses. 
The relationship between various plant and ear traits of 160 Sy 
lines of maize and their 320 crosses produced among the lines by use of 
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the cross-classification mating design was studied by Gama and Hallauer 
(1977). Simple correlations of plant and ear traits of the Sy lines 
and their crosses were small and the multiple correlations of plant and 
ear traits of the inbred lines with yield of their crosses were also 
low. Their results showed that plant and ear characteristics of inbred 
lines are of small value for predicting their hybrid performance. 
Russell and Machado (1978) evaluated the relationships between 
maize inbred traits and hybrid yields for inbred lines developed from 
the BSl population. They looked at the simple correlations between the 
inbred lines grown at a low density (29,500 plants ha"^) and high 
density (59,000 plants ha"^) and yields of the hybrids in low, 
intermediate, and high plant densities (39,000, 54,000, and 69,000 
plants ha"^, respectively), and averaged over all densities. Their 
results showed that inbred traits had only a small predictive value for 
testcross yields, and plant densities had no consistent effects on the 
correlation coefficients for inbred traits with testcross yields. 
Development of Vigorous Inbred Lines of Maize 
The development of vigorous maize lines has become more important 
since the early 1960s when single-cross hybrids replaced double-cross 
hybrids. Some researchers have expressed their concern that developing 
inbred lines by self-pollination may cause too rapid an approach to 
homozygosity because the segregation and recombination of genes are 
eliminated rapidly. They have suggested two different alternatives for 
improving the vigor of maize lines, one being the development of inbred 
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lines by a procedure other than direct self-pollination and the second 
being the development of partially inbred lines (i.e., S2) as 
suggested by Loeffel (1964). 
Kinman (1952) reported a reduction in inbreeding depression by 
using a selective mass-sibbing procedure within progenies to 
develop inbred lines of maize. The composite sibbed lines, which had 
been reproduced for three generations by sibmating, were compared to 
the inbred lines developed by self-pollination from the same ?£ 
plants. The sibbed lines per se were found to be superior to the 
selfed inbred lines (S^) per se for three plant, ear, and grain 
traits, but they were also more variable than the selfed lines for 
several plant and grain traits. 
Sing et al. (1967) investigated the effects of inbreeding on the 
average performance of maize lines that had been inbred to different 
stages. Grain yield of the lines per se showed a significant, negative 
linear regression with Increased homozygosity. Their data indicated 
that Increased vigor was associated with less Inbred material. 
Center (1971) evaluated the performance of maize lines from 
the original and advanced cycles of four synthetic varieties. The 
lines from the advanced cycles showed a lower inbreeding depression 
(27.8%) than did lines from the original population (39.1%) for 
the 'Iowa Stiff Stalk Synthetic'. He concluded that the productivity 
of inbred lines could be greatly improved by increasing the yield 
potential of the parental source population. 
The development of vigorous maize parental lines per se was 
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studied by Loeffel (1971). He proposed the use of partially inbred 
lines for the production of hybrids on the assumption that the greater 
yield potential of the lines per se would overshadow any reduction in 
their single-cross performance. Various levels of inbreeding were 
evaluated to determine the amount of yield reduction associated with 
increasing homozygosity. His results showed that grain yield of the 
lines per se was increased 97% for the generation, 70% for the 
S2 generation, and 42% for the S3 generation when compared to the 
S5 generation. 
Hallauer and Sears (1973) evaluated the changes of 10 quantitative 
traits due to inbreeding in the maize synthetic, BSSS. They observed 
significant changes for all traits from the SQ to generation, 
but only grain yield changed significantly with further inbreeding. 
The linear model accounted for nearly 100% of the variation due to 
generations for yield, plant height, and ear height, with average grain 
yields decreasing 21.0 q ha"^ from the S2 to Sy generation. The 
results reported by Hallauer and Sears showed that S^ and S2 
generations have a significant yield advantage over more inbred 
generations. 
The development of vigorous, heterozygous parental stocks to 
replace homozygous lines as parents in maize single crosses was 
discussed by Stringfield (1974). He theorized that the 
self-pollination procedure in the development of inbred lines caused 
genetic variability to be reduced too quickly to allow favorable 
selection. He started a breeding program to produce genetically 
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broad-based lines by assortatlve mating to allow a slower approach to 
homozygosity. He concluded that this method would develop lines with 
greater genetic flexibility and wider adaptation to adverse conditions 
compared to the more readily used, highly inbred lines. 
Another alternative suggested by some breeders to reduce the 
effects of inbreeding has been the use of full-sib mating instead of 
the conventional direct selfing method. Cornelius and Dudley (1974) 
studied the effects of inbreeding by selfing and full-sib mating in a 
synthetic, open-pollinated variety. They reported that the rate of 
inbreeding was greater for selfing than for sibbing for grain yield, 
plant height, and ear height. When both sets of lines were evaluated 
at the same estimated level of inbreeding, they observed that selfed 
lines showed a greater amount of inbreeding depression compared to 
sibbed lines. Their data for generation means for selfed generations 
were similar to those previously reported by Hallauer and Sears 
(1973). In a later study, Good and Hallauer (1977), by evaluating 
inbreeding depression in the maize synthetic BSSS by selfing, 
full-sibbing, and full-sibbing followed by selfing, obtained results 
similar to Cornelius and Dudley (1974). Their results showed 
significant differences among the three methods of inbreeding for 
several plant, ear, and grain traits when comparisons were made for 
comparable values of F with the direct selfing method showing the 
greatest inbreeding depression for grain yield. 
Russell and Machado (1978) and Russell and Teich (1967) both 
evaluated various selection procedures for the development of maize 
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inbred lines with good combining abilities as well as good performances 
per se. Their results indicated that lines selected in high plant 
densities yielded more as lines per se than did lines selected in a low 
plant density. In general, they concluded that the use of high plant 
densities during the development of inbred lines would help produce 
more vigorous (high yielding) inbred lines. 
I 
In a more recent study, Stangland (1980) evaluated the 
productivity of partially inbred lines (Sg,) per se compared with two 
highly inbred elite line checks, B73 and Mol7. Although the S2 lines 
were a random sample of lines from the BSSS population, six lines were 
not significantly different from Mol7 and two S2 lines significantly 
outyielded Mol7. He concluded that the increased vigor of §2 lines 
would be an advantage in the production of single-cross hybrid seed. 
However, he also stated that it would be more difficult to maintain the 
genetic integrity of an S2 line because more plants must be sib-mated 
in each generation to prevent further inbreeding or genetic drift, 
compared with highly inbred lines (Sg). 
Genetic Drift 
If partially inbred lines of maize are to be used in the 
production of single-cross seed, their genetic integrity must be 
maintained without change during their reproduction. However, genetic 
changes may occur and become problematic because of genetic drift 
during the maintenance of these partially inbred lines. The effect of 
genetic drift is to change gene frequencies from intermediate values 
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toward extremes. Falconer (1960) states that genetic drift is one of 
the four dispersive processes that causes changes in gene frequency in 
the absence of mutation, selection, or migration. Although with large 
population sizes genetic drift may be minimal, it becomes very 
important when restricted population sizes are used. Changes due to 
genetic drift are a result of random sampling of alleles and are random 
in direction. Falconer (1960) also noted that the dispersive process 
has three main consequences: (1) differentiation between 
subpopulations ..., (2) a reduction of the genetic variation within 
sub-populations, and (3) an increase in the frequency of homozygotes at 
the expense of heterozygotes, thus causing an increase in the amount of 
inbreeding. 
Crow (1948) studied the effect of population size on individuals 
within the population. He found that genes of different selective 
value could be fixed by chance and thus cause individuals within the 
population to become more homozygous (i.e., increase inbreeding). 
Robertson (1963) investigated the effects of intense selection on 
changes in population structure. He showed that high selection 
pressure could increase the rate of gain in the initial generations of 
selection, but at the expense of a reduction in the genetic variation. 
He concluded that the decrease in the genetic variation of future 
generations was mainly due to chance fixation of less desirable allelic 
forms because of genetic drift with the small population sizes used. 
A computer simulation study was conducted by Gill (1965) to 
compare various types of gene action using different population sizes 
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and selection intensities to evaluate their effects on a population. 
He reported that a population size of between 16 and 32 was required to 
minimize the loss of variable alleles due to genetic drift during a 
long-term selection program. He also observed an increase in the 
inbreeding rate with selection for highly heritable traits compared to 
no selection for a given population size. Horner et al. (1969), by 
using maize field data, evaluated the effect of various recurrent 
selection methods on a population. They determined that inbreeding 
within the populations increased because of genetic drift due to the 
small population sizes used. In a different study using mice, Eisen et 
al. (1973) observed that small population sizes caused the fixation of 
undesirable alleles due to genetic drift. 
Klenke (1985) studied the effects of recurrent selection on the 
maize synthetic, BS9. The recurrent selection for resistance to 
European com borer, Ostrinia nubilalls (Hubner), in BS9 caused a 
significant decrease in grain yield. He concluded that the decrease in 
grain yield was caused by changes in gene frequency (8.4%) and 
inbreeding depression (18.8%). The inbreeding depression was 
attributed to the random fixation of segregating loci due to genetic 
drift. 
Stability of Inbred Lines 
It has been shown that genetic drift can cause genetic changes 
within a population during its reproduction and maintenance. However, 
these populations are generally genetically broad-based with many 
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segregating loci. S2 lines, however, have fewer segregating loci and 
may be very similar to inbred lines. Thus, changes that occur during 
the maintenance of highly inbred lines may also occur in Sg lines. 
Jones (1924) was one of the first to observe and report heritable 
variation in highly inbred lines of maize that had been selfed for 16 
generations. He observed significant differences between paired 
sublines separated at the eighth generation of selfing. He concluded 
that changes could occur within inbred lines during their reproduction 
and maintenance even after they had become highly inbred. In a study 
done with tobacco (Nicotiana) plants, East (1936) evaluated 
parthenogenetically derived inbred lines. He found that they became 
genetically variable during their maintenance over time. 
Eigsti et al. (1948), evaluating maize inbred lines for variation, 
found variants among offspring that differed significantly from their 
parental lines. The cause of these changes was not stated, but the 
data implied that some of the variants resembled known mutants. They 
also observed that selection after selfing for many generations had 
isolated different genotypes that produced significant differences when 
evaluated as hybrids. 
Long-time inbred lines and double haploid lines were evaluated for 
within-line variation by Gotoh (1959). He observed an unexpected high 
amount of variation within the lines he evaluated, and determined that 
mutations probably played a major role in causing the genetic changes. 
In another study evaluating long-time maize inbred lines. Hooker (1955) 
reported that all lines showed within-line genetic variability for 
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resistance to Pvthium debarvantim• These studies indicate that lines 
can be segregating at various loci even after many generations of 
selfing. 
Sprague et al. (1960), by using data from doubled monoploids of 
maize, studied the mutation rates of quantitatively inherited traits 
and their effects on the genetic stability of the diploid lines. By 
using a hierarchical type structure, they branched the 
doubled-monoploid lines into sublines for five generations and found 
significant differences among those sublines. Their results indicated 
that the genetic variability within the lines increased with successive 
generations of selfing, and suggested that part of the variability may 
have been due to the unstable nature of double monoploids. 
Russell et al. (1963) evaluated six long-time maize inbred lines 
to estimate mutation rates of quantitative traits. They obtained a 
mutation rate of approximately 2.8 mutations per attribute per 100 
gametes and also found an Increase in the within-line variability for 
grain yield. In a later study, the sublines produced by Russell et al. 
(1963) were used to evaluate the expression of the changes in hybrid 
progeny (Busch and Russell, 1964). They crossed the sublines to two 
unselected testers and found that 40% of the mutations observed in the 
earlier study were expressed in the hybrid progeny. The authors 
concluded that the changes in the inbred had little practical 
significance in the hybrids, but maintaining inbred lines without 
genetic change may be more difficult than first considered. 
Different maize inbred line (8^2) stocks were compared by 
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Fleming et al. (1964) after they had been maintained at six different 
experiment stations. They reported significantly more variability 
within and among the lines maintained at various stations than had been 
expected. It was concluded that different selection pressures at the 
various locations caused variants to be isolated that were adapted to 
each specific environment. In a later experiment, Fleming (1971) 
evaluated these same stocks in testcrosses to study the effects of any 
changes among and within the strains on their hybrid performance. He 
determined that approximately 50% of the significant differences among 
the strains were detectable in their hybrid progeny. 
Higgs and Russell (1968a), evaluating six long-time corn-belt 
maize inbred lines that had been maintained at various seed stock 
stations throughout the midwest, found that nearly all traits showed 
variation among strains within lines. They also evaluated each strain 
in testcross with three unrelated inbred testers (Higgs and Russell, 
1968b). Their data revealed that the changes among the strains within 
lines were also expressed in their hybrid progenies. They concluded 
that the maintenance process could cause changes within an inbred line, 
and these changes may be expressed in their hybrid progenies. 
In another study evaluating sources of maize inbred lines, Grogan 
and Francis (1972) compared six inbred lines maintained at six 
different northern experiment stations. They compared the different 
sources per se, in hybrid combination, and crossed to an unrelated 
tester. Significant differences for all plant and ear traits showed 
that genetic changes had occurred among sources within lines per se. 
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However, only two lines showed significant differences among strains 
when compared in testcrosses. Thus, genetic changes that occur among 
strains per se may not always be detectable in the hybrid progeny. 
Russell and Vega (1973) carried out a study in which 11 inbred 
lines were maintained by ear-to-row selfing for 10 generations. They 
evaluated the lines for 10 quantitatively inherited traits and found 
that 40% of the F-tests were significant for differences among 
generations. They concluded that the genetic changes within the inbred 
lines were of little practical significance and might be detected only 
under extensive testing. 
Weber (1985), by using two autogamous species (Hordeum vuleare L. 
and Glycine max L.), evaluated changes in inbred lines during their 
maintenance. He observed that mutations did occur within the lines, 
and their rates were similar to those reported in maize and oats for 
quantitatively inherited traits. In general, he concluded that the few 
changes that occurred in performance over the six generations of 
reproduction suggest that mutation does not pose a significant problem 
in maintaining the genetic stability of the genotype over the short 
lives of most cultivars. 
In a more recent study, Bogenschutz and Russell (1986) evaluated 
the genetic variation within maize inbred lines maintained by 
sib-mating and self-pollination. Ten corn-belt inbred lines were 
maintained for 11 generations by using both methods of reproduction. 
The results showed that 30% of the F-tests were significant among 
sib-mated generations and 56% among selfed generations. They concluded 
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that sib-mating lowers the amount of genetic instability compared to 
pure selfing and that a reproduction system of sib-mating with 
occasional generations of selfing may be more beneficial than 
continuous ear-to-row selfing. 
Electrophoresis 
The use of electrophoretic techniques to evaluate, detect, and 
study isozymes (multiple molecular forms of an enzyme with similar or 
identical substrate specifically) have increased in popularity and use 
since the early 1970s. Market and Holler (1959) were the first to 
announce the utilization of isozymes. Since 1959, increased research 
has been conducted using isozymes to evaluate inherited variation. 
Hubby and Lewonton (1966) used isozyme techniques to evaluate the 
genetic heterozygosity within Drosophlla pseudoobscura. They reported 
that 30% or more of the loci studied were polymorphic. Many subsequent 
isozyme studies have shown that approximately 30-50% of all loci are 
polymorphic in natural populations and that 10% of the loci in each 
individual are heterozygous (Yamazaki and Maruyama, 1975). 
Brown and Âllard (1969) studied the inheritance of isozyme 
differences among the 12 maize inbred parents of two reciprocal 
recurrent selection populations, A and B. They determined that the two 
populations evaluated differed for electrophoretic mobilities for at 
least five enzymes with each being controlled by codominant alleles at 
a single locus. They concluded that the results from their study were 
encouraging for the potential application of isozymes in monitoring the 
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effects of various recurrent selection programs on gene and genotypic 
frequencies in different populations. 
In a later study, Brown and Allard (1970) looked at the effects of 
reciprocal recurrent selection for grain yield on nine isozyme 
polymorphisms in maize. Their results showed that reciprocal recurrent 
selection had no significant influence on gene or genotypic 
frequencies, as the few changes that occurred could be attributed to 
random genetic drift because of small population size. They concluded 
that random events, and not selection, played the major role in the 
behavior of the linkage blocks marked by the nine loci evaluated. 
Stuber and Moll (1972) studied the changes in allelic frequencies 
for three peroxidase isozyme systems and one acid phosphatase system 
after nine cycles of selection for grain yield in the maize synthetic, 
(NC7 X CI21) Syn 2. They reported the fast allele for the acid 
phosphatase system increased in frequency from 0.50 to 0.76 after six 
cycles of selection and then stabilized at an intermediate frequency of 
0.60. They concluded that the acid phosphatase locus must be either 
associated with yield or closely linked to a yield locus. However, 
Schaffer et al. (1977) developed a more sensitive test to detect 
directional trends in the allelic frequency over generations. Their 
paper suggests that linear trends once thought to be solely due to 
selectional changes may be due directly to genetic drift alone. 
Kahler (1983) evaluated isozyme frequencies for nine loci in the 
BSK(Ht) and BSK(S) maize populations over eight cycles of recurrent 
selection. Isozyme frequency generally remained stable over cycles of 
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selection for each locus, as the average amount of genetic change for 
all nine loci was not significantly different from the original 
population. He concluded that any genetic changes occurring could be 
attributed to random genetic drift due to small population size. 
The relationship between enzyme marker loci and morphological 
traits in two mass-selected maize populations was studied by Pollak et 
al. (1984). They observed significant separation of genotypes or 
genotypic groups for 15 of the 17 analyses conducted in their study. 
They concluded that the enzyme loci either directly affect the 
quantitative traits in the two populations or they are closely linked 
to important genes that control quantitative traits. However, more 
information from different populations and environments will be needed 
before the widespread use of enzyme loci for maize improvement can be 
made. 
Smith et al. (1985) looked at isozyme data for 21 loci from 72 
historically important U. S. maize inbred lines using principal 
component analysis. The isozyme data tended to group lines of similar 
pedigree into separate clusters although tight groupings of related 
lines were not found. In general, their data showed that the U. S. 
maize germplasm is broader than would have been expected based solely 
on the number of races involved in its origins. 
Allozyme polymorphisms within and between 12 U. S. maize 
open-pollinated populations and five adapted exotic populations were 
assayed for 13 enzyme marker loci (Kahler et al., 1986). Their results 
showed extensive allozyme (allele) variability for all populations 
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evaluated. For the genetically broad-based open-pollinated 
populations, they observed allozyme frequencies per locus similar to 
what was expected. However, for the adapted exotic populations, they 
observed a lower number of allozymes per locus than was expected. This 
was attributed to either natural selection eliminating some of the 
allozymes during the adaptation of these populations or that particular 
allozymes were not included in the synthesis of these populations. 
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MATERIALS AND METHODS 
Plant Materials 
The plant materials used in this study were developed from Iowa 
Stiff Stalk Synthetic (BSSS) and the BSl population. The BSSS 
population was developed by Sprague (1946), by randomly mating 16 
inbred lines selected for their good stalk strength. The BSl 
population was developed from the cross of Iowa Two-Ear Synthetic 
(BSIO) to Iowa Com Borer Synthetic #3 (Russell, 1979). 
In 1976, 14 Sg lines (F = 0.75) were chosen from 247 random 
lines derived from the maize population BSSS by a single-seed-descent 
procedure (Hallauer and Sears, 1973). All lines were randomly taken 
with no selection being made on the basis of their combining ability or 
performance as lines per se. Seed supplies were increased by randomly 
mating at least 10 plants within each S2 line. Each of the S2 
lines had also been previously inbred to the Sg generation (F = 99.6) 
by single-seed descent without selection (Hallauer and Sears, 1973). 
In 1978, two maintenance procedures were initiated for all 14 S2 
lines, while four of the lines also were subjected to a third 
maintenance procedure. Each S2 line was maintained for six 
generations (1978 to 1983) using two sample sizes, 10 plants per line 
and 20 plants per line. In each sample of a line, the 10 or 20 plants 
were sib-mated by hand pollination with no intentional selection. Also, 
four of the lines were maintained for five generations (1978 to 1982) 
with mild selection for plant and ear types. In this case, the number 
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of plants sampled varied, but usually there were more than 10 plants 
sib-mated and more than five ears selected. In 1983, the original S2 
lines were increased by sib-mating with no selection to obtain new 
seed. Also, in 1983 the four lines that had five generations of mild 
selection were reproduced by sib-mating with no selection. The plant 
material evaluated in this study is presented in Table 1. 
Table 1. Plant material evaluated 
Line sources 
Sg mild 
Line Sg original^ Sg 10-plants^ Sg 20-plants^ selection® 
1 X X X X 
2 X X X X 
3 X X X X 
4 X X X X 
5 X X X X 
6 X X X X 
7 X X X X 
8 X X X X 
9 X X X X 
10 X X X X 
11 X X X X X 
12 X X X X X 
13 X X X X X 
14 X X X X X 
^Original Sg lines. 
lines maintained for six generations, sampling 10 plants 
per generation. 
lines maintained for six generations, sampling 20 plants 
per generation. 
lines developed from the Sg by single-seed descent. 
®S2 maintained for five generations with mild selection. 
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Two lines, which had been derived from the maize population BSl by 
the pedigree method using visual selection for agronomic traits, were 
selected as testers. Both lines were chosen because of their good 
general combining ability, good seed yields as inbred lines per se. and 
comparable silking dates to the BSSS material. Both testers were at 
the Sg (F = 0.984) level of inbreeding. Each tester was crossed to 
each progeny to obtain seed for hybrid evaluation. Thus, for each line 
the following materials were evaluated: (1) the original S2 line; 
(2) the $2 line that was maintained for six generations sampling 10 
plants per generation; (3) the S2 line that was maintained for six 
generations sampling 20 plants per generation; (4) for four of the S2 
lines, progenies obtained after five generations of maintenance with 
mild selection in each generation; (5) the original $2 lines and all 
S2 lines after five generations of reproduction crossed with the two 
inbred testers; and (6) the crosses of the Sg lines with the two 
testers. 
The plant materials were divided into three groups and each group 
was evaluated in a separate experiment. The first experiment 
(Experiment 12) consisted of evaluating the following 46 entries: (1) 
the 14 original S2 lines, (2) the 14 S2 lines maintained for five 
generations by using sample sizes of 10 and 20 plants per line per 
generation, and (3) the four S2 lines that were maintained for five 
generations by using mild selection. The second experiment (Experiment 
13) was composed of the following four groups of testcross hybrids: 
(1) the first 10 original S2 lines (Table 1) crossed to the two BSl 
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inbred line testers; (2) the S2 lines (1 through 10) maintained for 
five generations sampling 10 plants per generation crossed to the two 
inbred line testers from BSl; (3) the S2 lines (1 through 10) 
maintained for five generations sampling 20 plants per generation 
crossed to the two inbred line testers; and (4) the pure-line 
descendants (Sg) of lines one through ten crossed to the two BSl 
inbred line testers. A check hybrid, B73 x Mol7, was also included in 
Experiment 13 so that the material could be evaluated in a 9 x 
9-lattice design. However, check effects will not be included in the 
analysis of variance tables. 
The third experiment (Experiment 14) contained the following 
groups of testcross hybrids: (1) the original S2 lines (11 through 
14) crossed to the two BSl inbred line testers; (2) the Sg lines (11 
through 14) maintained for five generations sampling 10 and 20 plants 
per generation crossed to the two inbred line testers from BSl; (3) the 
two inbred line testers crosssed to the four lines that have been 
maintained for five generations with mild selection; and (4) the Sg 
lines derived from lines 11 through 14 crossed to the two testers. Two 
check hybrids, B73 x Mol7 and B84 x Mol7, were also included in 
Experiment 14 so that the material could be evaluated in a 6 x 
7-lattice design. The check effects, however, will not be included in 
the analysis of variance tables. The hybrid material was evaluated in 
two separate experiments to reduce the land area of any individual 
experiment and to lessen the effect of soil heterogenity and, 




This experiment was grown in 1985 and 1986 at the Agronomy and 
Agricultural Engineering Research Center and the Atomic Energy Farm, 
both near Ames, Iowa. An additional location per year was planted in 
Ankeny, Iowa, but they were discarded because of unseasonably poor 
growing conditions. This experiment contained 46 entries that were 
grown in a randomized complete block design with five replications per 
environment. The experimental units were machine-planted, single-row 
plots with 16 plants per plot. The row length was 6.3 m and the 
spacing between rows was 0.76 m. The plants were spaced approximately 
35 cm, thus producing a final plant density of approximately 43,054 
plants ha"^. All plots were grown under conventional cultural 
practices of fertilization and weed control to promote high 
productivity. 
Experiments 13 and 14 
These experiments were grown in 1985 and 1986 at the Agronomy and 
Agricultural Engineering Research Center near Ames, the Atomic Energy 
Farm near Ames, and the Iowa State University Research Farm near 
Ankeny, Iowa. The Ankeny location in 1986 for Experiment 13, however, 
was discarded due to a severe wind storm. The previous crop for all 
environments was soybeans. The experimental designs were a 9 x 
9-lattice and a 6 x 7 lattice with five replications per environment 
for Experiments 13 and 14, respectively. For both experiments, the 
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experimental units were machine-planted, single-row plots with 19 
plants per plot. All plots were machine-planted with 32 seeds per plot 
and later, at the 4-6 leaf stage, thinned to 19 plants per plot. The 
row lengths were 6.3m and the spacing between rows was 0.76 m. The 
plants were spaced approximately 25 cm within rows, thus producing a 
final plant density of approximately 51,666 plants ha"^. All plots 
were grown under conventional cultural practices of fertilization and 
weed control to promote high productivity. 
For all three experiments, data were collected per plot on the 
following six plant traits: 
(1) Days to silk -- the number of days from July 1 until 50% of 
the plants in the plot showed silk emergence. 
(2) Days to anthesis -- the number of days from July 1 until 50% 
of the plants in the plot showed extruded anthers. 
(3) Pollen-silk interval -- the number of days from anthesis to 
silking. 
(4) Tassel branch number -- the total number including the main 
spike and primary branches for five plants. 
(5) Leaf width -- the width of the ear leaf at its widest point. 
(6) Plant height -- five competitive plants were measured to the 
nearest centimeter from the soil surface to the flag leaf 
node. 
(7) Ear height -- five competitive plants were measured to the 
nearest centimeter from the soil surface to the top ear node. 
All plots for each experiment were hand-harvested by removing all 
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ears from the first 10 competitive plants. The primary ears were 
placed in a harvest sack, while secondary ears were put into a separate 
bag within the harvest sack. Any competitive plants that were barren 
were denoted by putting a blank tag into the harvest sack. The 
harvested ears were then dried to a uniform moisture and, later, ear 
and grain traits were measured: 
(1) Ears per plant -- calculated by dividing the total number of 
ears per plot by the number of harvested plants for that plot. 
(2) Ear length -- the total length of all ears in the harvest sack 
was measured by putting the ears tip to butt and measuring to 
the nearest 1/10 centimeter. The per-ear plot average was 
calculated on the number of competitive plants harvested, 
including barren plants. 
(3) Ear diameter -- the total diameter of all ears except 
secondary ears was measured by standing the ears side by side 
and measuring to the nearest 1/10 centimeter. The total ear 
diameter was then converted to a per-ear basis. 
(4) Kernel depth -- the total diameter of all cobs, except 
secondary cobs, was measured by laying the cobs side by side 
and measuring to the nearest 1/10 centimeter. The total cob 
diameter was converted to a per-cob basis and subtracted from 
the ear diameter and divided by 2 to get kernel depth. 
(5) Kernel row number -- the total number of kernel rows of all 
primary ears divided by the total number of primary ears. 
(6) 300-kemel weight -- a sample of 300 kernels taken at random 
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and weighed to the nearest 1/10 gram. 
(7) Yield -- all ears were mechanically shelled and yield measured 
as a bulk weight per plot to the nearest gram. The total plot 




For each trait, an analysis of variance was obtained using the 
model for a randomized complete block design. A random model was 
assumed with replications, environments, and entries being random. The 
mathematical model used for analyzing the data was (Snedecor and 
Cochran, 1980): 
^ijk = V + + (R/E)j^j + 0% + + e^j^ ; 
where : 
Yijk =» observed value of the k^^ entry from the 
replication at the i^^ environment; 
y = experiment mean; 
= effect of the i^^ environment; i = 1, 2, 3, 4; 
(R/E)j^j = effect of the replication within the i^^ 
environment;j=l, 2, ..., 5; 
Gjç = effect of the k^^ entry; k = 1, 2, . . . , 46; 
(EG)ijj = effect of the interaction of the i^^ environment 
with the k^^ entry; 
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= experimental error associated with the ijkf^ 
observation. 
The components of the combined analysis of variance are given in 
Table 2. Based on expected mean squares, F-tests were calculated for 
all main effects and interactions. Significance was determined by-
using one-tailed F-tests at the 1 and 5% probability levels. 
The entries sums of squares was partitioned into original S2 
lines (A), the S2 lines that were maintained for six generations 
sampling 10 plants per generation <B) (S2 10-plants), the S2 lines 
that were maintained for six generations sampling 20 plants per 
generation (G) (S2 20-plants), the S2 lines maintained for five 
generations by using mild selection (D) (S2 mild sel.), and among 
groups. The among groups sum of squares was subsequently partitioned 
into the orthogonal comparisons shown in the ANOVA (Table 2). In 
addition to the comparisons made in the ANOVA (Table 2), the original 
S2 lines were compared to each of the three different types of 
maintained lines as group comparisons and individual comparisons. 
Experiment 13 
The data collected for this experiment were analyzed using the 
standard procedure for a 9 x 9 balanced lattice design. The 
mathematical model used for analyzing the data for one environment was 
^ijk = M + Ri + (B/R)ij + Hk + e^jk ; 
where : 
^ijk observed value of the ijk^^ plot; 
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Table 2. Components of the combined analysis of variance for 
Experiment 12 







2 ^ 2 ^  2  
Sg original (A) 13 2 ^ 2 ^  2  °e + + rea^ 
Sg 10-plants (B) 13 2 ^ 2 ^  2  ''e + r*BE + 
Sg 20-plants (C) 13 2 ^ 2 ^  2  ^e + rOcE + reoc 
mild sel. (D) 2 ^ 2 , 2 ^e + rcDE + 
Among groups (F) 
(A + B + C) vs. D 
A vs. (B + C) 




2 ^ 2 ^  2  
°e + rOpE + reop 
E X Entries 135 
2 . 2 
^e + r^GE 
Group A 39 2 , 2 ("e + rcAE 
Group B 39 
2 , 2 
°e + r^BE 
Group C 39 2 , 2 °e + r^CE 
Group D 
2 ^ 2 
'^e + r*DE 
Among groups 
(A + B + C) vs. D 
A vs. (B 4 C) 




2 , 2 
% + ™FE 
Error 720 
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y = experiment mean; 
= effect of the replication; i = 1, 2, .... 5; 
(B/R)^j = effect of the incomplete block within the i^^ 
replication; j = l, 2 9; 
= effect of the k^^ entry; k = 1, 2, ... 81; and 
e^j^ = intra-block error associated with the ijk^^ 
observation. 
The adjusted entry means were calculated by methods shown in 
Cochran and Cox (1957). To test the effects of entries, the effective 
error mean square was used when the block mean square was greater than 
the intrablock error; otherwise, the randomized complete block error 
mean square was used. The adjusted entry mean values were used to 
compute the combined analysis of variance. The linear model for the 
combined analysis of variance was: 
Yijk = + <R/E)j^j + Hk + + e^j^ ; 
where : 
Yijk = observed value of the ijkf^ plot; 
p = experiment mean; 
= effect of the i^^ environment; i = l, 2, ..., 5; 
(R/E)^j = effect of the j^^ replication within the i*"^ 
environment; j=l, 2 5; 
= effect of the k^^ entry, k = 1, 2, . . . , 81; 
(EH)ik = effect of the interaction of the i^^ environment 
with the entry; and 
®ijk ^  pooled experimental error. 
43 
The components of the combined analysis of variance are shown in 
Table 3. Replications, environments, and lines were considered random 
effects, while testers and check effects were assumed to be fixed. 
Based on the expected mean squares, F-tests were calculated for all 
main effects and interactions. Significance was determined by using 
one-tailed F-tests at the 1 and 5% probability levels. 
The entries sum of squares was further partitioned into orthogonal 
components of variation as presented in the ANOVA (Table 3). The lines 
sum of squares was partitioned into original S2 lines (A) (S2 
original), the S2 lines that were maintained for five generations 
sampling 10 plants per generation (B) (S2 10-plants), the S2 lines 
that were maintained for five generations sampling 20 plants per 
generation (C) (S2 20-plants), the Sg lines developed by 
single-seed descent from the S2 lines (D) (Sg), and among groups. 
The among groups sum of squares was partitioned into orthogonal 
comparisons shown in the ANOVA (Table 3). These comparisons were the 
components of primary interest in this study. In addition to the 
comparisons made in the combined ANOVA, the original S2 line hybrids 
were compared to each of the maintained line hybrids as well as the 
Sg line hybrids, as group comparisons and individual comparisons. 
Experiment 14 
The data collected for Experiment 14 were analyzed according to 
the standard method used for a 6 x 7-lattice design with five 
replications per environment. The mathematical model used to analyze 
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Table 3. Components of the 
Experiment 13 
combined analysis of variance for 








Sg original (A) 
S2 10-plants (B) 
Sg 20-plants (C) 
Sj CD) 
Among groups (F) 
(A + B + C) vs. D 
A vs. (B + C) 
B vs. C 






(A + B + C) vs. D 
A vs. (B + C) 









2 ^ 2 ^ 2 
""e + ^ ^HE + reoH 
2 , 2 2 
% + ^ °GE + reoG 
^°TLE + ^ ^°TL + r%°TE + ^ ^^®T 
2 2 2 
+ rtG^g + reto^ 












+ rt°CE + 
^ 2 
retCTc 































°e + ^ °TCE + 
2 
re°TC 
9 2 °e + ^^TDE 









^Degrees of freedom will vary among traits because data were not 
collected for all traits in all environments. 
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Table 3. (.Continued) 
Source df Estimated mean squares 







Check vs. experiment 4 
Expérimentais 16 2 + ^
°GE 
Testers 4 2 
% 
+ 2 „ 2 
^^TLE ^^°TE 
Lines 156 »! + ^ 2 
^°LE 











Group C 36 2 
% 
+ rt°CE 




Among groups 12 a l  + 
^ 2 
rt°FE 
(A + B + C) vs. D 4 
A vs. (B + C) 4 
B vs. C 4 




Group A 36 2 °e + r°TAE 










Group D 36 
2 
°e + ^ °TDE 
Among groups 






A vs. CB + C) 4 
B vs. C 4 
Error^ 1400 
Degrees of freedom will vary among traits depending on the 
efficiency of the lattice design. 
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each trait at one environment was : 
?ijk = W + Ri + (B/R)ij + + e^jk ; 
where : 
^ijk °° observed value for the ijkf^ plot 
y = experiment mean; 
= effect of the i^^ replication; i=L, 2, .... 5; 
(B/R)ij = effect of the incomplete block within the i^^ 
replication; j = 1, 2, 7; 
= effect of the k^^ entry; k = 1, 2, .... 42; and 
e^jk = intra-block error associated with the ijk^^ 
observation. 
The adjusted entry means were calculated by methods given in 
Cochran and Cox (1957). To test the effects of entries, the effective 
error mean square was used when the block mean square was larger than 
the intrablock mean square; otherwise, the randomized complete block 
error mean square was used. The adjusted entry mean values were used 
in the computation of the combined analysis of variance. The linear 
model for the combined analysis of variance was: 
Yijk =• y + + (R/E)j^j + Hk + (EH)ik + e^j^ ; 
where : 
- observed value of the ijk^^ plot; 
y - experiment mean; 
= effect of the i^^ environment ; 1 = 1, 2, ..., 6; 
(R/E)£j "• effect of the j^^ replication within the i^^ 
environment ; j «• 1, 2, . .. , 5 ; 
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= effect of the k entry; k = 1, 2, ..., 42; 
(EH)ik = effect of the interaction of the i^^ environment 
with the k^^ entry; and 
®ijk ° pooled experimental error. 
The components of the combined analysis of variance are presented 
in Table 4. The assumptions of the mathematical model and statistical 
analysis are the same as previously indicated in Experiment 13. 
The entries sum of squares was partitioned into orthogonal 
components of variation as given in the ANOVA (Table 4). The lines sum 
of squares was partitioned into original S2 lines (A) (S2 
original), the $2 lines that were maintained for five generations 
sampling 10 plants per generation (B) (S2 10-plants), the S2 lines 
that were maintained for five generations sampling 20 plants per 
generation (C) (S2 20-plants), the S2 lines maintained for five 
generations by using mild selection for plant and ear traits (D) (S2 
mild selection), the Sg lines developed by single seed descent from 
the S2 lines (F), and among groups. The among groups sum of squares 
was partitioned into orthogonal comparisons as shown in the ANOVA 
(Table 4). These comparisons were the components of primary interest 
in this study. In addition to the comparisons made in the combined 
ANOVA, the original S2 line hybrids were compared to each of the 
three different maintained line hybrids as well as the Sg line 
hybrid, as group comparisons and individual comparisons. 
All nonorthogonal group comparisons and individual comparisons for 
each experiment (12, 13, and 14) were tested for significance with the 
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Table 4. Components of the combined analysis of variance for 
Experiment 14 






41 2, 2 ,  2 ^e + + reoa 
Checks (I) 





^e + r°TE + 
2 ^ 2 ^  2  
^e + ^ °GE + reog 
Testers (T) 
Lines (L) 
2 2 2 2 
o + rG_T_ + rea_, + r)ia„„ + reJi6„ 
TLE TL 
19 of + rto^r + retOy 6 Lh, L 
TE 
original (A) 
S2 10-plants (B) 
2 2 2 
""e + "°AE + 
Sg 20-plants (C) 2 ^ . 2 ^  2  
Sg mild sel. (D) ^e + rt*DE + 
Sg (F) "e + rt*FE + ="*^0? 
Among groups (J) 4 
(A + B + C + D) vs. F 1 
A vs. (B + C + D) 1 
CB + C) vs. D 1 
B vs. C 1 
2 ^ . 2 ^  2  
^e + "°JE + retOj 
Degrees of freedom will vary among traits because data were not 
collected for all traits in all environments. 
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Table 4. (Continued) 
Source df Estimated mean squares 
T X L 19 Og + + rea^^ 
Group A 3 Og + ""^AE + ^ ^'^TA 
Group B 3 Og + ra^gg + ra^g 
Group C 3 aj + + ra^^ 
Group D 3 Og + ^ 4dE + 
Group F 3 + ro^p^ + ro^^ 
2 2 2 
Among groups 4 a + ro + reff 
(A + B + C + D) vs. F 1 
A vs. (B + C + D) 1 
(B + C) vs. D 1 
B vs. C 1 
E X Entries 205 + ro^ 
2 2 
Checks 5 a + ro 
e "HE 
l + ™TE 
Checks vs. experiments 5 
2 2 
Expérimentais 195 + ro^g 
Testers 5 + ro^^g + r&a^g 
2 2 
Lines 95 a + rto 
LE 
2 2 
Group A 15 a + rto 
AE 
2 2 
Group B 15 a + rto 
BE 
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Table 4. (Continued) 
Source df Estimated mean squares 
2 2 
Group C 15 Og + rtOgg 
2 2 
Group D 15 0^ + rtOgg 
2 2 
Group F 15 CT + rto__ 
e FE 
2 2 
Among groups 20 o + rta 
(A + B + C + D) vs. F 5 ® 
A vs. (B + C + D) 5 
CB + C) vs. D 5 
B vs. C 5 
T X L 95 al + 
2 2 
Group A 15 Gg + 
2 2 
Group B 15 Og + ra^^g 
Group C 15 0^'+ ro^^E 
Group D 15 Og + 
2 2 
Group F 15 Og + ro^pE 
2 2 
Among groups 20 o + ro™™ 
(A + B + C + D) vs. F 5 
A vs. (B + C + D) 5 
(B + C) vs. D 5 
B vs. C 5 
Error^ 834 o^ 
e 
Degrees of freedom will vary among traits depending on the 
efficiency of the lattice design. 
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L.S.D., where: 
L.S.D. = tg Qg (Sj); 
tQ Q5 = table value for p = 0.05; 




e = error mean square; and 
n = the number of observations in the means being compared. 
Electrophoretic Assays 
The methods used to conduct the electrophoretic analysis of the 
plant material were based upon those described and -used by C. W. Stuber 
and M, M. Goodman at North Carolina State University (Gardy et al., 
1980) and A. L. Kahler, formerly of the Northern Grain Insects Research 
Laboratory, Brookings, South Dakota (Kahler, 1982). 
The plant materials evaluated in Experiment 12 (S2 lines per se") 
were the same materials used in the isozyme analysis. For each line, 
eight random seeds were assayed. Also, inbred lines SDIO and B75 or 
B37 were used as standards to aid gel reading. Seeds were germinated 
in a dark growth chamber on moist germination paper for approximately 
five days. Growth chamber temperature was 28°G for the entire time. 
Root and shoot segments were removed from each of the eight individual 
five-day-old seedlings per line and the inbred line standards. The 
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segments were homogenized (45 seconds) with 20 u of a solution 
containing sucrose (16.7%) and sodium ascorbate (8.3%), pH 7.4, in a 
microcentrifuge tube using a power-driven pestle. The microcentrifuge 
tubes were then centrifuged for four minutes in a refrigerated 
microfuge. The samples were stored at -4°C for later electrophoretic 
analysis. 
The following isozyme loci were assayed: Phosphoglucomutase (Pgm 
2), Acid phosphatase 1 CAcp 1), B-glucosidase (B-Gul 1), Catalase (Cat 
3), Phosphohexose isomerase (Phi 1), 6-phosphogluconate dehydrogenase 
(6-Pgd 1 & 2), and Isocitrate dehydrogenase (Idh 2). 
Two different buffer systems were used in the isozyme procedure. 
Buffer formulas are shown in Table 5. The day prior to the 
electrophoresis procedure starch gels were prepared and covered with 
plastic wrap. The starch gels for System D were prepared by mixing 65 
g of hydrolyzed potato starch and 15 g of sucrose in 200 m of 
refrigerated gel buffer, then adding 300 m of hot gel buffer. The 
warm gel solutions were degassed under vacuum and poured into 
plexiglass molds. 
The following day, the crude extract in the microcentrifuge tubes 
was thawed and absorbed onto 2 mm x 1 mm Whatman number 3 
chromatography paper wicks and the saturated wicks were placed into a 
horizontal slit in the gel. The loaded gels were placed onto an 
electrode buffer tank containing 250 m of a tray buffer to allow 
passage of an electrical current through the starch gel. 
Electrophoresis proceeded in System D gels at 15.8 watts for 
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Table 5. Recipes for gel and tray buffers used in the electrophoretic 
assays 
System Buffer Recipe pH Loci detected 
D Gel 0.016 M L-Histidine 
0.002 M Citric acid 
6.5 Phi 1, Pgm 2 
Cat 3, Idh 2 
Tray 0.065 M L-Histidine 
0.007 M Citric acid 
6.5 
III Gel 0.009 M L-Histidine 
0.003 M Citric acid 
5.7 Aco 1. B-Glu 1 
6-Pzd 1 2 
Tray 0.065 M L-Histide 
0.02 H Citric acid 
5.7 
approximately 6.0 hours. 
After electrophoresis, the sample wicks were removed from the gels 
and the gels were then horizontally cut into four slices. The four 
slices from each gel were subsequently stained for the enzyme loci of 
interest (Table 6). After incubation at 36°C, the gels were rinsed 
in water and the banding patterns were visually scored. 
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Table 6. Stain recipes used to assay each locus 
Locus Stain recipe 















NADP dependent Glu-6-PO^ 
dehydrogenase 
ZgE i 10 mî. IM Tris-HCl buffer pH 8.5 
88 m£ distilled H2O 
2 mJl 10% MgCl2 
100 mg EDTA 
500 mg a-D-glucase-l-PO/ disodium salt 
20 mg NAD 
15 mg MTT 
2 mg PMS 
75 units NAD-dependent Glu-6-PO^ 
dehydrogenase 






Prior to staining rise gel in 0.01% 
HgOg for 5 minutes 
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Table 6. (Continued) 
Locus Stain recipe 
Idh 2 
6-Pgd 1 1 
20 m£ 1 M Tris-HCl buffer pH 7.4 
73 m& distilled H2O 
2 m£ 1% MgClg 
2 1% MnClg 
20 mg MTT 
5 mg PMS 
20 mg TPN 
103 mg DL isocitric acid 
Acp 1 2 mZ 1 M sodium acetate buffer pH 4.7 
5 1% a-naphthyl acid phosphate 
92 m£ distilled H2O 
1 mJl 10% MgClg 
100 mg GBC salt 
B-Glu 1 10 mil 0.5 M phosphate buffer pH 6.5 
80 mA distilled H2O 
10 m2 methanol 
50 mg 6-Bromo-2-naphthyl-B-D-glucoside 
150 mg fast blue BB salt 
5 m£ Tris-HCl buffer pH 8.0 
95 mJl distilled H2O 
25 mg 6-phosphogluconic acid barium salt 
15 mg MTT 
10 mg TPN 
2.5 mg PMS 
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RESULTS AND DISCUSSION 
Inbred Evaluation 
Experiment 12 
Above-average temperatures and a late planting date (May 14) in 
1985 and high winds, severe stalk lodging, and breakage at pollination 
time in 1986 caused the loss of Experiment 12 at Ankeny, Iowa. The 
growing conditions for the four environments evaluated were below 
optimum for two the Ames and Atomic Energy locations in 1985 and 
optimum for the Ames and Atomic Energy locations in 1986. 
The analyses of variance and coefficients of variability for 14 
plant, ear, and grain traits, combined for 1985 and 1986, are presented 
in Table 7. The coefficient of variability ranged from 21.4% for grain 
yield to 5% for plant height and ear diameter. The coefficient of 
variability for grain yield is not unreasonably large for an experiment 
with one-row plots, hand-harvesting 10 competitive plants per plot. 
Highly significant (P < 0.01) differences among entries were 
observed for all traits. The partitioning of the entries sums of 
squares into original S2 lines, S2 lines maintained by using 10 
plants, S2 lines maintained by using 20 plants, S2 lines maintained 
by using mild selection, and among groups showed that there were 
significant differences within and among the four groups of plant 
material for many traits. Among the original S2 lines from BSSS, 
there were highly significant differences for all traits except ear 
length, grain yield, and ears plant"^. Highly significant 
Table 7. Degrees of freedom and mean squares from the analyses of 
variance for 14 plant, ear, and grain traits of the lines per 












Environments (E) 3 2844.26 35512.89 143.34 0.3045 
Replications/E 16 12.19 9.18 6.68 0.0488 
Entries 45 36.15** 45.95** 9.71** 0.1082** 
$2 original (A) 13 39.74** 51.54** 5.68** 0.0503 
$2 10-plants (B) 13 37.63** 44.55** 10.49** 0.1115 
Sg 20-plants (C) 13 40.31** 43.45** 8.77 0.1803** 
$2 mild selection (D) 3 4.81 19.21** 19.08** 0.0225 
Among groups (F) 3 27.50* 65.35** 18.46** 0.1181** 
A vs. (B + C) 1 32.59* 16.21* 2.83 0.0001 
B vs. C 1 0.35 13.52* 18.22* 0.0244 
(A + B + C) vs. D 1 49.56** 166.34** 34.33** 0.3298** 
E X Entries 135 3.74** 4.47** 2.90** 0.0624** 
$2 original 39 3.34** 3.58** 2.20 0.0464** 
$2 10-plants 39 4.30** 4.39** 2.15 0.0667** 
S2 20-plants 39 3.85** 6.57** 4.68** 0.0931** 
S2 mild selection 9 2.08 1.90 2.09 0.0307 
Among groups 9 4.13** 2.08 2.20 0.0118 
A vs. (B + C) 3 2.74 2.43 0.35 0.0071 
B vs. C 3 0.99 1.15 2.40 0.0023 
(A + B + C) vs. D 3 8.66** 2.66 3.86* 0.0260 
Error 720 1.51 1.94 1.62 1.62 
C.V. (%) 6.8 6.9 10.5 14.5 
*,**Significant at the 5% and 1% levels of probability, 




branch Leaf Plant Ear row Ear Ear 
number width height height number length diameter 
194. 88 2. 7453 65650.45 2196.95 22. 21 487.48 0. 8315 
33. 16 0. 8317 262.81 103.56 1. 35 14.97 0. 1827 
239. 74** 13. 7189** 2112.52** 1932.04** 82. 34** 33.80** 1. 3376** 
197. 97** 16. 7172** 2178.18** 2187.46** 74. 09** 13.66 1. 2792** 
288. 07** 15. 5415** 1913.43** 1501.23** 84. 62** 46.66** 1. 1585** 
214. 66** 12. 5512** 2046.32** 2136.48** 88. 95** 45.34** 1, 4300** 
133. 35** 8. 4743** 2408.19** 878.11** 158. 30** 38.38** 2. 6691** 
426. 39** 3. 1329** 2681.96** 2860.13** 3. 64 10.78 0. 6348** 
0. 91 6. 5001** 1226.92** 671.08* 8. 42* 0.03 1. 6720** 
39. 91 0. 3254 653.13** 491.81 0. 57 0.26 0. 0006 
1238. 33** 2. 5732 6163.85** 7417.49** 0, 73 32.04* 0. 2318 
7. 34** 0. 4148* 182.24** 71.03** 2. 31** 15.88** 0.1391** 
5. 91 0. 3038 247.37** 67.50** 1. 95** 14.11** 0. 1246** 
8. 61** 0. 5339* 190.08** 75.72** 2. 39** 15.75** 0. 1128** 
7. 85** 0. 3754 156.34** 65.09** 3. 16** 23.30** 0. 2209** 
5. 22 0. 4292 99.11 63.02 0. 67 4.52 0. 0211 
8. 03 0. 5360 61.45 99.77** 1. 45 3.31 0. 0794 
6. 03 1. 0518* 33.77 6.94 1. 66 3.23 0. 0872 
16. 88** 0. 0023 5.26 76.02 0. 98 2.52 0. 1379* 
1. 15 0. 5539 145.33 216.35** 1. 71 4.19 0. 0131 
4. 27 0. 3259 66.18 38.45 1. 06 3.88 0. 0450 
12. 7 5. 7 5.0 8.0 6. 1 16.6 5. 0 
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Environments 3 0.5154 4706.45 59.7350 
Replications/E 16 0.0369 99.78 3.7822 
Entries 45 0.1924** 3013.50** 8.5008** 
Sg original (A) 13 0.3070** 3331.51** 5.0961 
10-plants (B) 13 0.2459** 2986.67** 9.3518** 
$2 20-plants (C) 13 0.1431** 3082.97** 12.5786** 
Sg mild selection (D) 3 0.1930** 3994.93** 8.0086** 
Among groups (F) 3 0.1103* 469.21** 2.3886* 
A vs. (B + C) 1 0.2726** 661.26** 6.3014** 
B vs. C 1 0.0111 0.70 0.1084 
(A + B + C) vs. D 1 0.0472 745.68** 0.7560 
E X Entries 135 0.0386** 182.40** 3.2905** 
original 39 0.0334** 264.11** 3.4282** 
10-plants 39 0.0574** 168.08** 3.9485** 
Sg 20-plants 39 0.0352** 160.72** 3.794** 
Sg mild selection 9 0.0079 110.63** 0.5940 
Among groups 9 0.0251 56.04 0.3571 
A vs. (B + C) 3 0.0008 36.38 0.5817 
B vs. C 3 0.0644** 59.73 0.2277 
(A + B + C) vs. D 3 0.0101 72.01 0.2619 
Error 720 0.0143 36.95 0.6317 
C.V. (%) 15.9 8.4 21.4 
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differences were observed among S2 lines maintained by using 10 
plants and 20 plants for all traits except ears plant"^ and 
pollen-silk interval, respectively. All traits except days to anthesis 
and ears plant"^ showed highly significant differences among $2 
lines maintained by using mild selection. For among groups, 
significant (P > 0.05) or highly significant differences occurred for 
all traits except kernel row number and ear length. The change from a 
nonsignificant variation among original $2 lines for grain yield to 
significant variations among the S2 lines maintained by using 10 
plants, 20 plants, and mild selection indicates that the maintained 
$2 have undergone some type of change(s) that caused the $2 lines 
within each group to become more divergent in yielding ability. 
The among-groups sums of squares were subdivided into three 
orthogonal comparisons (Table 7). No consistent trends were observed 
across all traits for any of the three comparisons. However, the 
comparison of the original S2 lines (group A) versus the $2 lines 
maintained by using 10 and 20 plants (group B + C) was significant or 
highly significant for 10 of the 14 traits evaluated. This comparison 
indicates that the maintained S2 lines, as a group, have undergone 
some genetic changes that has made them different from their original 
S2-line group for most traits. In contrast, the comparison of the 
$2 lines maintained using 10 plants/group vs. the $2 lines 
maintained using 20 plants/group was significant only for days to silk, 
pollen-silk interval, and plant height. Therefore, the two sample 
sizes (10 and 20 plants) used in this study resulted in similar 
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responses for the maintained S2 lines when compared as groups. The 
third comparison, S2 lines maintained by using mild selection vs. all 
other groups, was significant or highly significant for nine of the 14 
traits studied. Although this comparison is statistically correct, the 
interpretation of this comparison is more difficult because of 
confounding effects of different genetic material within the two groups 
being compared. Thus, from this comparison it cannot be generalized 
that the S2 lines maintained by using mild selection differed 
significantly from the other groups as a whole. This comparison can be 
more accurately made using group means of the four lines represented in 
all four groups. In addition to the group comparisons made in the 
ANOVA (Table 7), other group comparisons and individual comparisons 
were made using group and individual means. The results of these 
comparisons will be discussed later. 
The interaction of entries x environments was highly significant 
for all traits (Table 7). The entries x environments sums of squares 
was partitioned into individual groups (four) x environments and among 
groups X environments interactions. In general, S2 original x 
environments, S2 10-plants x environments, and S2 20-plants 
interactions were mainly significant and similar. The S2 mild 
selection x environments and among groups x environments interactions, 
however, were generally smaller in magnitude and nonsignificant for 
most traits. The reduced environmental interaction for among groups 
might be expected, since each group is a mean of 14 or four S2 
lines. The different environmental interaction for the S2 mild 
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selection group may be due to the fact that only four of the S2 lines 
were represented in that group, while all 14 §2 lines were 
represented in the other three groups. 
Group means averaged over environments and lines are presented in 
Table 8. The comparison of the original S2 line group with the S2 
lines maintained by using 10 plants group showed that the latter had 
numerically lower means for all traits and were significantly different 
for days to anthesis, days to silk, leaf width, plant height, ear 
height, kernel row number, ear diameter, kernel depth, 300-K weight, 
and grain yield. The comparison of the original S2 line group with 
the S2 lines maintained by using 20 plants group was similar to the 
previous comparison, but was significant for fewer traits: leaf width, 
ear diameter, kernel depth, 300-K weight, and grain yield. In general, 
as a group, the S2 lines maintained by using 10 plants showed more 
genetic changes from the original S2 line group than did the S2 
lines maintained by using 20 plants. For grain yield, however, both 
groups (§2 10-plants and S2 20-plants) yielded significantly less 
(3.66 and 3.63 Mg ha"^, respectively) than the original S2-line 
group (3.83 Mg ha"^). The changes in yielding potential of the two 
maintained S^-line groups may be attributed to either further 
inbreeding or genetic drift due to the small number of plants sib-mated 
in each generation or some type of natural or unintentional selection 
during line maintenance. 
Group means for the four S2 lines that went through all three 
maintenance procedures averaged over environments are reported in Table 
Table 8. Means for 14 plant, ear, and grain traits of all lines represented in the three groups 
evaluated in Experiment 12, data combined from four environments 
Days to Days to Pollen-silk Ears ^ Tassel Leaf Plant 
groups anthesis silk interval plant branch no. width height 
day day day cm cm 
S« Original^ 18.4 20.4 2.0 0.89 16.3 10.10 162.9 
Sg 10-plants^ 18.0 19.9 1.9 0.88 16.1 9.89 159.3 
S„ 20-plants^ 18.0 20.3 2.3 0.88 16.6 9.93 161.5 
X 18.1 20.2 2.1 0.89 16.3 9.97 161.2 
LSD (0.05) 0.4 0.3 0.3 0.02 0.5 0.14 1.5 
Ear Kernel Ear Ear Kernel 300-K 
groups height row no. length diameter depth weight Yield 
cm cm cm cm g 
-1 
Mg ha 
Sp Original^ 78.8 16.9 11.9 4.30 0.78 73.6 3.83 
S„ 10-plants^ 76.0 16.7 11.8 4.21 0.74 71.7 3.66 
S« 20-plants^ 77.9 16.7 11.9 4.21 0.73 71.8 3.63 
X 77.6 16.8 11.9 4.24 0.75 72.4 3.71 
LSD (0.05) 1.9 0.2 0.3 0.05 0.03 1.4 0.11 
^Data averaged over 14 lines. 
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9. These means allow for the group comparison of the S2 lines 
maintained by using mild selection with the other groups without the 
confounding effects of different genetic material within each group. 
The comparison of the original S2-line group vs. the S2 lines 
maintained by using mild selection group was significant for days to 
anthesis, days to silk, tassel branch number, plant height, ear length, 
and 300-K weight. Although the use of mild selection during S2 line 
maintenance did cause some genetic changes to occur, these changes 
tended to be in the direction favored by most breeders. In general, 
the mild selection group became earlier in maturity, produced more ears 
plant"^ (nonsignificant), and had longer ears. Grain yield, however, 
was not significantly altered; therefore, the objective of maintaining 
the genetic integrity of the original S2 lines was obtained for grain 
yield by using mild selection during line maintenance. 
To better understand the changes that have taken place during the 
maintenance of the S2 lines, each original S2 line was compared 
with its maintained counterparts (Table 10). For at least one 
attribute, each S2 line maintained by using 10 plants differed from 
its original S2 line source, while all but two S2 lines (11 and 12) 
maintained by using 20 plants differed from their original $2 line 
source for at least one trait. This indicates that neither procedure 
was completely effective in maintaining the genetic integrity of the 
original S2 lines for all traits; consequently, the sample sizes (10 
and 20 plants) used during the sib-mating procedure were inadequate in 
preventing genetic changes. In a more practical application, however. 
Table 9. Means for 14 plant, ear, and grain traits of the four lines (11 through 14) that are 
represented in all four groups evaluated in Experiment 12, data combined for four 
environments 
Days to Days to Pollen-silk Ears_ Tassel Leaf Plant 
groups anthesis silk interval plant branch no. width height 
day day day cm cm 
S_ Original^ 18.1 19.8 1.8 0.91 13.8 9.93 155.7 
S_ 10-plants^ 18.0 20.2 2.2 0.83 14.0 9.81 154.3 
20-plants^ 17.6 19.4 1.8 0.92 14.7 10.06 157.9 
S2 mild selection 17.3 18.7 1.4 0.95 12.2 9.78 152.1 
X 17.8 19.5 1.8 0.90 13.7 9.90 155.0 














cm cm cm cm g Mg ha 
S„ Original^ 70.4 17.0 11.9 4.27 0.75 72.6 3.62 
S„ 10-plants^ 69.3 16.8 10.8 4.15 0.64 69.3 2.93 
Sg 20-plants^ ^ 70.2 17.2 12.4 4.25 0.73 71.2 3.83 
S2 mild selection 67.5 16.9 12.6 4.18 0.73 69.2 3.60 
X 69.4 17.0 11.9 4.21 0.71 70.6 3.50 
LSD (0.05) 3.6 0.4 0.6 0.09 0.06 2.7 0.21 
^Data averaged over four lines. 
Table 10. Comparisons of each original $2 line with its reproduced S2 
line for 14 plant, ear, and grain traits evaluated in Experi­
ment 12, data combined from four environments 
Pollen-silk 
Days to anthesis Days to silk interval 
















lines maintained by using 10 plants. 
lines maintained by using 20 plants. 
^82 lines maintained by using mild selection. 
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-1 
Ears plant Tassel branch no. Leaf width 
Sg-lO Sg-ZO Sg-MS Sg^lO Sg^ZO E^'MS Sg^lO Sg-ZO S 
+ 
+ 
Table 10. (Continued) 
Plant height Ear height Kernel row no. 
Entries Sg-lO Sg-ZO S^-MS Sg-lO Sg-ZO Sg-MS Sg-lO Sg-ZO Sg-MS 
1 _d 
2 - -
3 + — — 
4 
5 -
6 — — — 
7 
8 -
9 — — 
10 — — 
11 + 
12 - — 
13 + + 
14 - -
^Minus sign indicates S„ line is significantly less than its 
original line at P =0.05. 
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Ear length Ear diameter Kernel depth 






Table 10. (Continued) 
300-K weight Yield 
Entries Sg-lO Sg-ZO S^-MS Sg-lO Sg-ZO Sg-MS 
1 













®Plus sign indicates S_ line is significantly more than its 
original line at P = 0.05. 
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grain yield and pollen production are the two most important attributes 
of the parent stocks for the production of single-cross hybrid seed. 
For grain yield, 64% of the S2 lines maintained by using 10 plants 
showed significant change from their original S2 lines, while only 
36% of the S2 lines maintained by using 20 plants were significantly 
different than their original S2 lines. These changes occurred in 
both the favorable (increased grain yield) and unfavorable (decreased 
grain yield) direction. 
In addition, the four lines maintained by using mild selection 
were compared with their original S2 lines (Table 10). Although a 
limited number of lines was maintained by using mild selection, they 
tended to show fewer changes from their original S2 lines, especially 
for grain yield, than did the other two maintenance procedures. 
Additional individual line comparisons were performed to 
investigate various changes that have occurred in S2 lines during 
their maintenance, and are presented in Tables 11, 12, and 13. The 
comparisons of the S2 lines maintained by using 10 plants with their 
counterparts maintained by using 20 plants showed significant changes 
for all traits with most traits having several lines showing 
significant changes. For grain yield, six of the individual E^-line 
comparisons were significant, with the lines maintained by using 20 
plants generally showing a reduction in yield. However, for most other 
traits, except days to silk and plant height, the changes were 
distributed in both the positive and negative directions. The 
comparisons of each S2 line maintained by using mild selection with 
Table 11. Comparisons of each S2 line reproduced by using 10 plants with 
each S2 line reproduced by using 20 plants for 14 plant, ear, 








































^lus sign indicates S2 line is significantly more than its line 
maintained by using 10 plants at P = 0.05. 
^Minus sign indicates S2 line is significantly less than its Sg line 
maintained by using 10 plants at P = 0.05. 
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Kernel 
Plant Ear row Ear Ear Kernel 300-K 
height height no. length diameter depth weight Yield 
-b 
+ + 
Table 12. Comparisons of each S2 line maintained by using 10 plants with its Sg line maintained by 
using mild selection for 14 plant, ear, and grain traits evaluated in Experiment 12, 














































Minus sign indicates S» line is significantly less than its S- line maintained by using 10 
plants at P = 0.05. 
''Plus sign indicates line is significantly more than its Sg line maintained by using 10 
plants at P = 0.05. 
Table 13. Comparisons of each S2 line maintained by using 20 plants with its S2 line maintained by 
using mild selection for 14 plant, ear, and grain traits evaluated in Experiment 12, 






































^Minus sign indicates Sn line is significantly less than its S„ line maintained by using 20 
plants at P = 0.05. 
^Plus sign indicates S„ line is significantly more than its S„ line maintained by using 20 
plants at p = 0.05. 
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its $2 line maintained by using 10 and 20 plants were significant for 
many of the individual lines and traits. These changes, however, 
usually favored the lines maintained by using mild selection as they 
tend to produce more ears plant"^ and have higher yields. This 
suggests that plant vigor is more readily maintained by using mild 
selection during the sib-mating process. 
The total number of individual S2 lines having significant 
differences for each of six comparisons is given in Table 14. These 
data indicate that the S2 lines maintained by using 10 plants showed 
more genetic changes from their original S2 lines than did the S2 
lines maintained by using 20 plants. In general, the data presented 
for the S2 lines per se indicate that genetic changes are going to 
occur during the maintenance of $2 lines, at least within the 
restrictions of this study. However, the data do suggest that 
increasing the sample size used during sib-mating from 10 plants to 20 
plants was effective in reducing the total number of significant 
changes, especially for grain yield. The use of mild selection, on the 
average, tended either to change the lines in a favorable direction or 
not to change them significantly from their original S2 lines. 
Besides evaluating the S2 lines per se in the field, they were 
also analyzed in the laboratory by using electrophoretic techniques. 
Seedling genotypes were evaluated for the following enzyme loci: Acid 
phosphatase, B-glucosidase, Catalase, Isacitrate dehydrogenase, 
6-phosphogluconate dehydrogenase, Phosphoglucomutase and Phosphohexase 
isomerase. 




Days to Days to silk Ears branch Leaf 
anthesis silk interval plant no. width 






S_ 10-plant vs. 
20-plant 
S2 10-plant vs. 
Sg mild selection 




Plant Ear row Ear Ear Kernel 300-K 
height height number length diameter depth weight Yield Total 
6 3 3 6  5  2 3  9  5 7  
6 2 1 4  3  2 3  5  4 3  
1 1 2 1 0  0 2  1  1 6  
5 4 2 3  5  3 2  6  5 0  
2 1 2 3  1  1 1  2  2 1  
2 1 2  2  1  0 2  2  1 9  
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The 14 original S2 lines were evaluated for each enzyme locus to 
determine which S2 lines were segregating for a particular enzyme 
locus (Table 15). All enzyme loci except 6-Pgd 2 had at least one 
original S2 line segregating for any given locus, while two S2 
lines were fixed for all enzyme loci studied. No individual S2 line 
was segregating for more than three enzyme loci, while most lines were 
segregating for only one or two enzyme loci. 
Each maintained §2 line for the original S2 lines showing 
segregation was also evaluated using electrophoretic techniques (Table 
15). One-third of the segregating original S2 lines became fixed 
after they had been maintained by using both 10 and 20 plants, while 
60% of the segregating original S2 lines becames fixed after they had 
been maintained by using 10 plants, but only 40% of the lines became 
fixed after being maintained by using 20 plants. The data from the 
electrophoretic assays indicate that maintaining S2 lines by using 
restricted sample sizes causes the fixation of loci that were normally 
segregating within the original S2 lines. However, the data do 
support the field evaluation that the use of 20 plants during the 
sib-mating procedure caused fewer genetic changes to occur. 
Hybrid Evaluation 
Experiments 13 and 14 
Experiments 13 and 14 were conducted to evaluate the original S2 
lines, S2 lines maintained by using 10 and 20 plants, the four S2 
lines maintained by using mild selection, and Sg lines crossed to two 
Table 15. Original and maintained S2 lines segregating at each of eight 
enzyme loci 
Line 
Acp 1 B-Glu 1 




2 - + — — 
3 + — — -
4 - + + + 














 + - - -
13 - -
14 - — 
^Original lines. 
lines maintained by using 10 plants. 
lines maintained by using 20 plants. 
*^82 lines maintained by using mild selection. 




Sg Orig. Sg-lO Sg-ZO S 2 MS 
Pgd 2 
S. Orig. Sg-lO Sg-ZO Sg MS 
+ - + 
+ + -
+ * — + 
+ 
Table 15. (Continued) 
Phi 1 Pgm 2 
Line Sg Orig. Sg-lO Sg-ZO MS Orig. Sg-lO Sg-ZO MS 
1 - -
2 - -
3 + + + 









13 + + + + + + + + 
14 - -
^Plus sign indicates Sg line is segregating at the particular locus. 
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Cat 3 Idh 2 
Sg Orig. Sg-lO Sg-ZO Sz MS Sg Orig. S 2" 10 Sg-ZO Sg MS 
+ 
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unrelated Sg inbred line testers developed from the BSl population. 
The analyses of variance and coefficients of variability for 14 plant, 
ear, and grain traits are given in Tables 16 and 17 for Experiments 13 
and 14, respectively. The coefficients of variability were similar 
between the two hybrid experiments and slightly lower than for the 
inbred experiment. 
Highly significant differences were observed among experimentals 
and lines for all traits in both experiments, while testers x lines 
interactions were significant or highly significant for all traits 
except grain yield (Experiment 13) and 300-K weight (Experiment 14) 
(Tables 16 and 17). The partitioning of the sums of squares for lines 
into S2 line and Sg line groups, and among groups showed that there 
were significant differences within and among the various groups for 
most traits. 
In Experiment 13, highly significant differences were observed 
within groups A and B for all traits except ears/plant, while within 
group C all traits showed significant variation (Table 16). All 
attributes except grain yield showed significant differences within 
group D. However, only eight traits had significant or highly 
significant differences among groups. Similar results were observed 
for Experiment 14 with the exception of grain yield. For grain yield, 
no significant differences were observed within the original S^-line 
group or the S2 lines maintained by using 20 plants group, but highly 
significant differences were obtained within the S2 lines maintained 
by using 10 plants group and the S2 lines maintained by using mild 
Table 16. Degrees of freedom and mean squares from the analyses of 
variance for 14 plant, ear, and grain traits of the hybrids 










Environments (E) 4 2493.37 3097.25 127.42 
Replications/E 20 14.04 16.00 1.33 
Entries (H) 80 37.31** 30.38** 8.37** 
Expérimentais (G) 79 37.75** 30.72** 8.27** 
Testers (T) 1 901.88** 213.56 237.39 
Lines (L) 39 44.57** 48.88** 6.08** 
Sg Original (A) 9 44.03** 45.16** 6.42** 
Sg 10-plants (B) 9 62.49** 59.88** 5.05** 
Sg 20-plants (C) 9 31.13** 39.81** 6.63** 
Sj CD) 9 47.89** 58.15** 7.64** 
Among groups 3 22.80** 26.42** 1.88 
(A + B + C> vs. D 1 31.82** 29.24** 0.15 
A vs. (B + C) 1 36.48** 45.69 0.38 
B vs. C 1 0.11 4.34 5.13* 
T X L 39 8.78** 7.83** 4.57** 
Sg Original 9 7.66** 5.53** 1.22 
Sg 10-plants 9 4.78** 7.27** 4.23** 
Sg 20-plants 9 12.21** 7.01** 2.97** 
9 12.13** 10.45** 10.38** 
Among groups 3 3.74 11.01** 3.02* 
CA + B + C) vs. D 1 4.71 12.49** 2.24 
A vs. CB + C) 1 3.21 2.22 0.08 
B vs. C 1 3.30 18.32** 6.74 




branch Leaf Plant Ear row 
number width. height height number 
619.69 35.0226 202140.25 28952.70 69.91 
18.51 0.8168 875.99 381.74 2.66 
73.08** 22.5747** 886.99** 678.49** 24.445** 
51.45** 22.8578** 898.83** 685.38** 24.63** 
2112.23* 1256.7466** 6226.92 1164.57 68.32** 
42.93** 12.5038** 1205.17** 1155.76** 45.66** 
45.13** 11.5067** 917.13** 936.85** 53.51** 
42,69** 14.8423** 660.01** 707,19** 43.66** 
33.49** 8.1089** 803.05** 1151.99** 52.38** 
63.11** 19.4174** 2669.49** 2142,05** 47.16** 
4.80 0.9262* 517.79** 210.58* 3.49** 
1.70 0.2331 168.53 2.75 2.37* 
4.04 0.3318 1341.27** 621.08** 0.30 
8.66 2.2137* 43.57 7.90 7.79** 
7.12** 1.5736** 455.89** 202.72** 2.48** 
3.09 0.8844** 505.69** 194.14** 1.46 
6.89* 2.3588** 457.73** 103.98** 2.36** 
7.15* 1.1133** 286.57** 208.95** 3.97** 
13.07** 2.3003** 677.78** 321.33** 2.78** 
1.97 0.4864 203.07 149.82** 0.46 
0.11 0.8074 261.42 202.49** 1.35 
0.20 0.2679 9.81 3.12 0.00 
5.60 0.3706 337.97 243.84** 0.01 
Table 16. (.Continued) 
Mean squares 
Ear Ear Kernel 
Source df length diameter depth 
Environments (E) 4 1476.76 14.5506 2.3315 
Replications/E 20 12.30 0.3439 0.0347 
Entries (H) 80 21.76** 0.1976** 0.0553** 
Expérimentais (G) 79 20.66** 0.2023** 0.0548** 
Testers (T) 1 568.82** 2.4780 0.0072 
Lines (L) 39 17.12** 0.2344** 0.0864** 
Sg Original (A) 9 12.36** 0.1544** 0.1099** 
Sg 10-plants (B) 9 13.05** 0.2333** 0.0972** 
Sg 20-plants (C) 9 12.15** 0.3259** 0.0988** 
Sg (D) 9 33.78** 0.2816* 0.0663* 
Amoung groups 3 8.54* 0.0617 0.0065 
(A + B + C) vs. D 1 11.58* 0.0742 0.0020 
A vs. (B + C) 1 3.07 0.0711 0.0170 
B vs. C 1 10.98* 0.0397 0.0004 
T X L 39 10.15** 0.1118** 0.0245** 
Original 9 9.78** 0.0084 0.0203* 
Sg 10-plants 9 10.95** 0.0573 0.0140 
S„ 20-plants 9 10.89** 0.1622** 0.0266** 
Sg 9 12.29** 0.1678** 0.0409** 
Among groups 3 0.13 0.0389 0.0129 
(A + B + C) vs. D 1 0.09 0.0187 0.0112 
A vs. CB + C) 1 0.03 0.0418 0.0000 




Ears plant 300-K weight Yield 
0.1747 21608.01 1517.3833 
0.0159 204.35 11.8069 
0.0083** 1065.48** 5.9281** 
0.0084** 1069.47** 5.3074** 
0.0245 11749.13* 83.9066** 
0.0113* 1726.87** 7.2519** 
0.0038 2869.96** 8.2867** 
0.0048 1837.89** 7.1833** 
0.0094* 1598.21** 6.8205** 
0.0288* 1119.26** 8.0132 
0.0057 798.84** 3.3632 
0.0007 395.63** 8.3291* 
0.0011 97.70 0.3543 
0.0152 26.70 1.4063 
0.0051* 138.22** 1.3476 
0.0083* 142.99* 1.7489 
0.0013 84.56 1.0611 
0.0054 178.56** 1.2456 
0.0051 162.11* 1.5009 
0.0052 91.80 0.8469 
0.0019 124.62 0.5636 
0.0045 149.50 0.7521 
0.0090 1.29 1.2250 










E X H 320 2.18** 2.46** 2.12** 
G 316 2.17** 2.43** 2.13** 
T 4 14.15** 29.60** 55.40** 
L 156 2.41** 2.59** 1.73** 
$2 Original 36 1.98* 2.64** 1.36 
S2 10-plants 36 3.44** 3.48** 1.98** 
Sg 20-plants 36 2.53** 2.37* 2.04** 
Sa 36 2.07** 2.21 1.90** 
Among groups 12 1.18 1.63 0.59 
(A + B + C) vs. D 4 1.48 2.48 0.45 
A vs. (B + C) 4 0.67 0.55 0.76 
B vs. C 4 1.39 1.86 0.57 
E X T X L 156 1.62* 1.58 1.16 
Sg Original 36 1.96* 1.83 1.20 
S2 10-plants 36 1.48 1.01 1.36 
S» 20-plants 36 1.36 1.52 1.30 
36 1.85* 2.23* 0.79 
Among groups 12 1.13 0.71 1.14 
(A + B + C) vs. D 4 1.52 0.23 0.75 
A vs. (B + C) 4 0.63 1.51 0.56 
B vs. C 4 1.22 0.38 2.09 
Error 
__b 1.25 1.37 1.10 
(1120) (1120) (1120) 
CV (%) 8.3 7.6 8.8 
^Error degrees of freedom various with each trait and is given in 















5.55** 0.4443** 151.21** 48.17** 0.98** 
5.59** 0.4453** 152.78** 47.69** 0.99** 
119.65** 7.0075** 2506.92** 662.26** 3.72** 
4.44** 0.3864 132.84** 53.14** 1,04** 
3.67 0.5031* 102.06 61.98** 1.48** 
3.87 0.3728 100.71 30.71 0.98* 
6.59** 0.3876 155.97** 52.05* 0.92* 
4.29 0.2657 190.42** 68.45** 0.96* 
2.44 0.4365 79.38 51.20 0.49 
3.83 0.1749 141.79 39.67 0.50 
2.40 0.8435* 40.31 87.47* 0.67 
1.09 0.2912 56.04 26.45 0.29 
3.81 0.3360 112.36 26.36 0.88** 
5.39 0.2358 127.71 27.03 1.24** 
2.99 0.2164 109.45 23.09 0.64 
3.55 0.5828** 103.00 23.96 0.53 
4.00 0.2714 106.93 22.81 1.21** 
1.71 0.4472* 119.39 23.61 0.62 
3.77 0.2032 174.01 33.97 0,82 
1.07 0.3000 151.58 10.07 0.48 
0.30 0.8382* 32.60 26.78 0,56 
3.30 0.3373 89.46 31.92 0.64 
(.1440) C1520) C1400) C1400) (.1480) 
10.5 5.1 4.4 5.0 5.0 









E X H 320 2.81** 0.0627** 0,0144** 
G 316 2.80** 0.0631** 0.0145** 
T 4 9.51** 0.4919** 0.0551** 
L 156 3.67** 0.0686** 0,0159** 
^2 
Original 36 3.34** 0.0623* 0.0146 
^2 
10-plants 36 2.39 0.0367 0.0083 
^2 20-plants 
36 4.86** 0.0669* 0.0138 
36 4.62** 0.1183** 0.0296** 
Among groups 12 2.07 0.0313 0.0089 
(A + B + C) vs. D 4 0.64 0.0285 0.0054 
A vs. (B + C) 4 2.16 0.0104 0.0086 
B vs. C 4 3.40 0.0550 0.0127 
E X T X L 156 1.75 0.0472 0.0121 
^2 Original 
36 1.21 0.0558 0.0154* 
^2 10-plants 
36 1.82 0.0344 0.0100 
^2 
20-plants 36 2.06 0.0332 0.0049 
36 1.82 0.0621* 0.0204 
Among groups 12 2.01 0.0573 0.0051 
(A + B + C) vs. D 4 1.33 0.1142* 0.0037 
A vs. (B + C) 4 3.22 0,0339 0.0065 
B vs. C 4 1.46 0.0237 0.0052 










Ears plant 300-K weight Yield 
0.0050* 109.17** 2.2282** 
0.0049** 108.79** 2.2159** 
0.0194** 893.06** 12.9350** 
0.0058** 129.98** 2.6632** 
0.0031 118.97** 2.1182** 
0.0028 89.62** 1.6558* 
0.0059 121.67** 2.9265** 
0.0122** 220.82** 4.3975** 
0.0036 36.49 1.3270 
0.0013 21.13 1.3850 
0.0050 51.50 1.6986 
0.0045 36.87 0.8975 
0.0036. 67.50** 1.4937** 
0.0022 64.11** 1.6325* 
0.0036 43.33 1.6383* 
0.0049 85.53** 1.6336* 
0.0027 87.06** 1.2472 
0.0070* 37.31 0.9637 
0.0081 51.93 0.4511 
0.0022 5.23 2.1378 
0.0108* 54.76 0.3020 
0.0036 39.01 1.1023 
(1440) (1440) (1400) 
11.4 7.3 12.82 
Table 17. Degrees of freedom and mean squares from the analyses of 
variance for 14 plant, ear, and grain traits of the hybrids 
evaluated in Experiment 14, data combined over environments 
Mean squares 
Pollen-
Days to Days to silk 
Source df anthesis silk& interval^ 
Environments (E) 5 
Replications/E 24 
Entries (H) 41 
Expérimentais (G) 39 
Testers (T) 1 
Lines (L) 19 
S„ Original (A) 3 
S- 10-plants (B) 3 
Sg 20-plants (C) 3 
S„ mild selection (D) 3 
Sg (F) 3 
Among groups 4 
(A + B + C + D) vs. F 
A vs. CB + C + D) 
(B + C) vs. D 
B vs. C 
1596.57 1991.86 71.04 
8. 69 7. 97 4. 22 
30. 94*A 17. 38** 14. 00** 
32. 35** 18. 21** 14. 20** 
632. 35** 128. 52 194. 05 
25. 19** 26. 25** 14. 58** 
19. 68** 16. 92** 14. 66** 
19. 65** 36. 12** 11,61** 
45. 46** 41. 87** 7. 59* 
6. 66* 30. 66** 21. 88** 
53. 12** 9. 59** 31. 40** 
11. 22** 27. 07** 3. 90 
13. 95** 39. 72** 6. 04 
24. 23** 49. 89** 4. 33 
6. 48 17. 20** 2. 92 
0. 22 1. 47 2. 30 
T X L 19 
S2 Original 3 
Sp 10-plants 3 
S_ 20-plants 3 
S. mild selection 3 
Sg 3 
Among groups 4 
(A + B + C + D) vs. F 
A vs. CB + C + D) 
(B + C) vs. D 
B vs. C 
7. 93** 4.36** 4. 35** 
5. 28** 6.28** 7. 08** 
1. 99 0.39 2. 61 
11. 46** 6.21** 3. 20 
8. 09** 1.11 3. 99* 
19. 45** 11.00** 4. 32* 
2. 96 1.98 4. 75** 
10. 87** 0.42 15. 13** 
0. 23 0.69 0. 09 
0. 72 5.55* 3. 08 
0. 00 1.25 0. 71 
^Trait evaluated in only four environments. 




branchy Leaf Plant . Ear , row 
number width height height number 
163.45 5.6150 106284.94 17873.36 42.73 
13.50 0.9782 1042.28 398.71 2.64 
128.78** 22.3836** 793.16** 790.71** 17.26** 
87.26** 23.1216** 835.85** 796.42** 17.35** 
1422.06* 680.1301** 4425.97 754.81 0.05 
83.69** 10.2763** 1121.59** 1346.88** 30.82** 
108.57** 10.2304.** 716.64** 999.41** 29.85** 
68.54** 6.3741** 1976.17** 451.71** 19.12** 
108.57** 10.0193** 2053.49** 2735.07** 20.07** 
94.27** 10.0289** 344.42 947.68** 58.67** 
107.88** 26.0469** 1652.55** 2990.76** 43.92* 
31.68** 1.7875* 270.10 304.24** 17.65** 
33.49** 2.7931* 213.65 890.81** 69.52* 
1.53 0.0145 261.33 0.69 0.02 
91.60** 4.1478* 311.56 304.97* 0.47 
0.08 0.1958 293.87 20.50 0.56 
20.57** 1.3874** 361.16** 248.14** 4.79** 
36.60** 0.7867 10.44 313.67** 1.87 
14.51* 1.7233* 340.67** 233.33** 4.32 
31.38** 2.2833** 751.33** 140.33** 2.12 
21.81** 0.7820 154.12 31.31 1.24 
13.43* 2.5133** 943.67** 794.33** 18.56 
9.42* 0.5167 64.98 43.68 1.66 
0.33 0.6325 61.62 4.69 5.27 
9.43 0.0092 13.81 138.60* 1.27 
25.80* 0.5187 12.17 4.67 0.02 
2.14 0.9073 172.33 26.75 0.08 
Table 17. (Continued) 
Mean squares 
Ear Ear Kernel 
Source df length diameter depth 
Environments (E) 5 
Replications/E 24 
Entries (H) 41 
Expérimentais (G) 39 
Testers (T) 1 
Lines (L) 19 
S_ Original (A) 3 
S„ 10-plants (B) 3 
20-plants (C) 3 
S„ mild selection (D) 3 
Sg CF) 3 
Among groups 4 
(A + B + C + D) vs. F 1 
A vs. (B + C + D) 1 
(B + C) vs. D 1 
B vs. C 1 
T X L 19 
S- Original 3 
S- 10-plants 3 
Sg 20-plants 3 
S„ mild selection 3 
Sg 3 
Among groups 4 
CA + B + C + D) vs. F 1 
A vs. (B + C + D) 1 
CB + C) vs.' D 1 
B vs. C 1 
801.98 12.9679 1.9785 
6.30 0.1118 0.0239 
35.10** 0.4367** 0,0444** 
22.80** 0.4512** 0.0419** 
444.33* 2.4120 0.0059 
18.07** 0.6358** 0,0597** 
11.84** 1.5879** 0.1041** 
25.82** 0.1408 0,0398* 
9.04* 0.4548** 0,0682** 
52.62** 0.9476** 0,0654** 
10.06* 0.6718** 0.0649* 
3.79 0.1678** 0.0174 
11.43 0.0241 0.0001 
0.01 0.1704* 0.0121 
0.17 0.1275* 0.0095 
3.55 0.3494** 0.0480* 
5.34* 0.1635** 0,0280** 
10.67* 0,0656 0.0183 
3.68 0.3236** 0.0421** 
1.12 0.1590** 0.0476** 
9.81* 0.0098 0.0122 
4.38 0.4583** 0.0483** 
3.12 0.0142 0.0066 
0.85 0.0273 0.0130 
0.13 0.0026 0.0053 
0.29 0.0048 0.0015 
11.22* 0.0220 0.0068 
Mean squares 
_1 
Ears plant 300-K weight Yield 
0.0867 18823.57 910.8086 
0.0089 60.43 4.8046 
0.0102** 1761.15** 12.0473** 
0.0104** 1604.62** 5.7023** 
0.0876 3454.58** 55.9440 
0.0085** 3015.92** 5.5237** 
0.0131 3784.22** 2.9960 
0.0029 3245.77** 8.7968** 
0.0051 3092.53** 1.7172 
0.0143* 4462.49** 8.9648** 
0.0090 4214.55** 3.2915 
0.0071 225.95* 6.9125* 
0.0099 156.75 3.9045 
0.0003 58.48 0.0368 
0.0122 359.40* 1.9068 
0.0060 329.18* 21.8026** 
0.0082** 95.95 3.2368** 
0.0144** 126.08 3.1144 
0.0047 32.99 4.6623 
0.0015 166.89* 2.3861 
0.0172** 101.65 3.2083 
0.0085 148.46* 5.8912 
0.0043 23.72 0.9275 
0.0001 13.62 1.0920 
0.0083 68.48 0.1934 
0.0058 12.51 0.2377 
0.0030 0.28 2.1870 
Table 17. (Continued) 
Mean squares 
Pollen-
Days to Days to silk 
Source df anthesis silk interval 
E X H 205 1.73* 2.12** 2.11** 
G 195 1.76* 2.17** 2.18** 
T 5 11.39** 19.49** 19.40** 
L 95 1.60 1.81* 2.04** 
S_ Original 15 2.05 1.47 1.59 
S„ 10-plants 15 1.77 2.43* 1.66 
20-plants 15 1.09 1.43 2.69* 
S„ mild selection 15 0.62 3.19** 1.65 
15 2.73* 1.34 2.61* 
Among groups 20 1.44 1.20 2.06 
(A + B + C + D) vs. F 5 1.25 0.80 1.53 
A vs. (B + C + D) 5 0.60 1.28 2.70 
(B + C) vs. D 5 8.29 1.69 0.58 
B vs. C 5 1.63 1.05 3.42 
T X L 95 1.48 1.61 1.41 
S. Original 15 1.18 0.74 1.20 
Sg 10-plants 15 1.25 2.01 2.39 
Sp 20-plants 15 1.82 1.39 1.74 
S„ mild selection 15 0.82 2.37 1.32 
4 
15 2.02 1.11 0.64 
Among groups 20 1.37 1.97 1.24 
(A + B + C + D) vs. F 5 0.70 2.94 0.91 
A vs. CB + C + D) 5 0.91 1.57 0.30 
(B + C) vs. D 5 0.33 1.36 0.41 
B vs. C 5 3.52 2.01 3.35 
Error 
c 
1.29 1.26 1.26 
(.536) (536) (.626) 
CV (%) 8.4 7.4 9.6 
"^Error degrees of freedom various with each trait and is given in 
parentheses below the mean square. 
Mean squares 
Tassel Kernel 
branch Leaf Plant Ear row 
number width height height number 
5.77** 0.6208 131.31** 71.26** 3.14** 
5.90** 0.6412 133.24** 64.59** 3.21** 
93.11** 3.3649** 1607.36** 799.60** 10.88** 
4.08 0.7709* 119.51** 56.36** 3.63** 
5.54 1.2315** 101.08 63.68* 0.55 
10.72** 0.5252 134.23* 68.17* 1.91 
2.34 1.1719* 158.87* 61.09 1.60 
3.42 0.7598 149.62* 55.28 2.26 
1.89 0.4819 85.19 56.96 13.39** 
1.44 0.5342 95.94 38.80 2.48 
1.98 0.8989 48.24 24.95 9.02** 
2.08 0.0531 104.28 35.27 0.47 
0.67 0.7736 98.04 33.31 0.17 
1.03 0.4111 133.22 61.67 0.27 
3.12 0.3682 69.38 34.15 2.39 
4.03 0.6441 52.42 65.51 0.32 
1.79 0.2792 70.25 34.25 0.45 
5.51 0.3379 57.08 16.42 0.66 
5.52 0.4969 75.67 20.67 0.58 
3.55 0.2473 79.75 55.75 7.72** 
1.76 0.2448 78.11 17.58 4.04* 
0.52 0.2370 65.77 18.19 14.91** 
1.97 0.4594 100.58 21.46 0.43 
2.44 0.1559 107.01 17.01 0.52 
2.12 0.1270 38.83 13.65 0.32 
3.91 0.5582 74.74 35.55 2.19 
(730) (730) (700) (700) (864) 
12.7 6.4 4.2 5.8 9.3 
Table 17. (Continued) 
Mean squares 
Ear Ear Kernel 
Source df length diameter depth 




Sg Original 15 
Sg 10-plants 15 
Sg 20-plants 15 
S_ mild selection 15 
Sg 15 
Among groups 20 
( A + B + C  +  D )  v s .  F  5  
A vs. (B + C + D) 5 
(B + C) vs. D 5 
B vs. C 5 
T X L 95 
S„ Original 15 
Sg 10-plants 15 
S^ 20-plants 15 
S« mild selection 15 
Sg 15 
Among groups 20 
(A + B + C + D) vs. F 5 
A vs. (B + C + D) 5 
(B + C) vs. D 5 
B vs. C 5 
Error 
CV (.%) 
3.60** 0.0587** 0.0114** 
3.53** 0.0573** 0.0114** 
30.50** 0.3732** 0.0620** 
2.89** 0.0587** 0.0106** 
3.03 0.0359 0.0081 
3.40* 0.1361** 0.0190** 
2.66 0.0436* 0.0086 
0.93 0.0427* 0.0057 
3.07 0.0801** 0.0033 
3.92** 0.0252 0.0074 
3.90 0.0405 0.0082 
5.21* 0.0242 0.0134 
2.44 0.0195 0.0051 
4.13 0.0164 0.0030 
2.75** 0.0393** 0.0094* 
3.07 0.0255 0.0067 
2.78 0.0598** 0.0167** 
2.75 0.0598** 0.0100 
2.55 0.0332 0.0098 
2.35 0.0205 0.0075 
2.92 0.0376 0.0066 
4.52 0.1078** 0.0130 
1.41 0.0138 0.0043 
4.05 0.0102 0.0043 
1.66 0.0187 0.0048 
1.84 0.0239 0.0068 
C834) ( .804) ( .864) 




Ears plant 300-K weight Yield 
0.0049** 84.69** 2.4229** 
0.0051** 79.18** 2.3038** 
0.0205** 156.96** 17.8052** 
0.0046 103.21** 2,1073** 
0.0066* 95.45** 1.6686 
0.0045 91.87** 2.7527** 
0.0047 203.63** 1.7122 
0.0026 79.57** 1.2863 
0.0033 89.63** 2.7878** 
0.0056 70.11** 2.3539** 
0.0052 93.52* 2.6275 
0.0066 43.38 1.9894 
0.0054 36.12 1.0821 
0.0052 107.40** 3.7165 
0.0048 51.06** 1.6845* 
0.0039 21.80 1.4534 
0.0041 31.24 3.3961** 
0.0045 124.94** 1.2233 
0.0076* 31.59 1.3219 
0.0060 58.17* 1.3988 
0.0030 41.95 1.4059 
0.0003 15.50 2.0130 
0.0024 40.22 0.7122 
0.0052 29.60 1.8443 
0.0043 82.47* 1.0521 
0.0038 31.80 1.2166 
C864) (864) aw4) 
6.3 6.7 13.4 
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selection. This indicates that the latter two maintenance procedures 
caused genetic changes to occur within or among the S2 lines and 
these changes were expressed in their hybrids. The contrasting data 
for grain yield between the two hybrid experiments can be attributed to 
the different genetic material evaluated in each experiment. In 
general, the mean squares for among groups were small compared to any 
of the within group mean squares; however, this was expected because 
the S2 lines are a random sample from the BSSS population, while 
differences between groups were expected to be smaller because of their 
genetic similarities. 
The among groups sums of squares were partitioned into three and 
four orthogonal comparisons for Experiments 13 and 14, respectively 
(Tables 16 and 17). In Experiment 13, the Sg-line hybrid group vs. 
all other hybrid groups comparison was significant or highly 
significant for the greatest number of traits: days to silk, days to 
anthesis, kernel row number, ear length, 300-K weight, and grain yield, 
while the other two comparisons were significant or highly significant 
for only four traits each. In Experiment 14, the Sg-line hybrid 
group vs. all other hybrid groups comparison was significant or highly 
significant for days to silk, days to anthesis, tassel branch number, 
leaf width, ear height, and kernel row number, while the S2 lines 
maintained by using mild-selection hybrid group vs. the S2 lines 
maintained by using 10- and 20-plants hybrid group comparison was 
significant or highly significant for days to silk, tassel branch 
number, leaf width, ear height, ear diameter, and 300-K weight. The 
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other two comparisons were significant for only three traits each, 
while grain yield was significant for only one hybrid comparison, the 
S2 lines maintained by using 10 plants group vs. the S2 lines 
maintained by using 20 plants group. The orthogonal comparison of most 
interest, the original Sgi-line hybrid group vs. the maintained 
S2-line hybrid groups showed that the maintained S2 lines underwent 
genetic changes from their original S2 lines and some of these 
changes were subsequently expressed in their hybrid progeny. The low 
percentage (22%) of attributes showing significance for this comparison 
may be due to averaging over individual hybrids and testers for each 
group. Thus, genetic differences between the two testers and their 
interaction with each group could have confounded the group 
comparisons. 
The F-tests were significant or highly significant for the testers 
X lines interaction for all traits except grain yield (Experiment 13) 
and 300-K weight (Experiment 14), which indicates that the lines and 
testers are not independent in contributing to the performance of the 
hybrid progeny. However, the majority of the testers x lines variation 
was attributed to testers x lines within individual groups interactions 
rather than due to testers x among groups interactions. The testers x 
among groups interaction was significant or highly significant for days 
to silk, pollen-silk interval, and ear height in Experiment 13, and 
pollen-silk interval and tassel branch nurotper; iT;i Exne 16 _ 
Consequently, the mean performance of lines averaged over testers was 
used to make group and individual line comparisons. The environment x 
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experimentals and environments x lines interactions were significant or 
highly significant for a majority of the attributes studied, while the 
second-order interaction, environments x testers x lines, was 
nonsignificant for all traits except days to anthesis, kernel row 
number, 300-K weight, and yield in Experiment 13 and kernel row number, 
ear length, ear diameter, 300-K weight, and yield in Experiment 14 
(Tables 16 and 17). Although there were significant environmental 
interactions, these interactions in general contributed much less 
variation to the total sums of squares than did the main effects. 
The partitioning of the among groups sums of squares into 
orthogonal comparisons allowed for only specific group comparisons; 
however, because there were significant differences among the hybrid 
groups, individual group comparisons were made by using group means 
averaged over environments, testers, and lines. The group comparisons 
were averaged over testers because of the small, mainly nonsignificant 
testers x among groups interactions. The means for each hybrid group 
are presented in Tables 18 and 19 for Experiments 13 and 14, 
respectively. 
The mean performance of each hybrid group was examined to observe 
how the hybrids of the original Sg lines changed after these lines 
had been maintained for several generations as well as when the lines 
were further inbred (Sg) by single-seed descent. The hybrid group 
comparisons of particular interest were: original Sg lines vs. Sg 
lines maintained by using 10 plants, original Sg lines vs. Sg lines 
maintained by using 20 plants, original Sg lines vs. Sg lines 
Table 18. Means for 14 plant, ear, and grain traits of the hybrid groups 
evaluated in Experiment 13, data combined over environments, 


















day day day cm cm cm 
Sg Original^ 13.6 15.5 2.0 17.3 11.49 217.4 113.0 
$2 10-plants^ 13.2 15.1 1.9 17.3 11.57 215.2 111.5 
20-plants^ 13.2 15.2 2.0 17.5 11.47 215.6 111.7 
00 13.6 15.6 1.9 17.5 11.48 216.8 112.2 
X 13.4 15.4 2.0 17.4 11.50 216.3 112.1 
LSD CO.05) 0.2 0.2 0.1 0.2 0.09 1.2 1.0 
^Data averaged over 10 lines and two testers. 
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Kernel 
row Ear Ear Kernel Ears_^ 300-1 
number length diameter depth plant weight Yield 
cm cm cm g Mg ha 
16.0 16.1 4.60 0.90 0.98 85.9 8.18 
15.9 16.3 4.58 0.89 0.98 85.2 8.25 
16.1 16.0 4.59 0.89 0.98 85.5 8.18 
15.9 15.9 4.58 0.89 0.99 86.6 8.05 
16.0 16.1 4.59 0.89 0.98 85.8 8.17 
0 . 1  0 . 2  0 . 0 2  0 . 0 1  0 . 0 1  0 . 8  0 . 1 6  
Table 19. Means for 14 plant, ear, and grain traits of the hybrid groups 
evaluated in Experiment 14, data combined over environments, 


















day day day cm cm cm 
Sg Original^ 13.7 15.5 1.8 16.0 11.76 207.5 103.7 
S2 10-plants^ 13.4 14.9 1.6 16.2 11.85 205.8 104.3 
S2 20-plants^ 13.3 15.1 1.8 16.2 11.81 207.5 103.9 
S2 mild 
selection 
13.1 14.6 1.5 15.4 11.65 205.1 102.6 
s," 13.7 15.6 1.9 15.5 11.64 205.3 101.3 
X 13.4 15.2 1.7 15.9 11.74 206.2 103.1 
LSD CO.05) 0.3 0.3 0.3 0.3 0.15 2.1 1.3 
^Data averaged over four lines and two testers. 
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Kernel 
row Ear Ear Kernel Ears_^ 300-K 
number length diameter depth plant weight Yield 
cm cm cm g Mg ha 
15.8 15.9 4.62 0.91 0.98 83.8 8.15 
15.9 16.0 4.63 0.91 0 98 84.6 8.38 
15.8 15.8 4.57 0.89 0.98 82.9 7.96 
15.8 15.9 4.57 0.89 0.97 82.2 8.06 
16.4 15.6 4.61 0.90 0.97 82.5 7.99 
15.9 15.8 4.60 0.90 0.98 83.2 8.11 
0.3 0.4 0.03 0.02 0.01 1.6 0.29 
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maintained by using mild selection, and original S2 lines vs. Sg 
lines. The hybrid comparisons of the original S2 line group vs. S2 
lines maintained by using 10 plants or 20 plants per groups were 
significant for days to anthesis, days to silk, plant height, and ear 
height (Table 18). All mean values for the hybrid groups of the S2 
lines maintained by using 10 or 20 plants decreased for those traits 
showing significant change. These changes in mean value can be 
attributed to two factors: (1) the restricted sample sizes used during 
the maintenance of the Sg lines and (2) some unintentional selection 
for earliness during the sib-mating procedures in maintaining the S2 
lines. This type of unintentional selection can easily occur because 
of breeder's desires to pollinate the first plants that are silking 
and/or shedding pollen. Consequently, the decrease in plant and ear 
heights are probably due to correlated responses to the increased 
earliness of the hybrids; i.e., as plants get earlier they also tend to 
become shorter in height. 
The hybrid group comparison of the original Sg lines vs. Sg 
lines maintained by using mild selection was significant for days to 
anthesis, days to silk, tassel branch number, plant height, and ear 
diameter (Table 19). All mean values decreased from the original Sg 
line hybrid group for those traits showing significant changes. These 
significant changes indicate that the use of mild selection during the 
maintenance of Sg lines caused changes to occur, and these changes 
were subsequently expressed in their hybrid progeny. 
The hybrid group comparison of the original Sg lines vs. Sg 
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lines was nonsignificant for all traits (Table 18), indicating that the 
mean performance of the S2 line hybrids, as a group, was not affected 
by further inbreeding. However, this nonsignificant comparison was 
accounted for because of averaging over lines and testers. The yield 
comparisons between the original S^-line hybrid group and each 
maintained Sg^line hybrid group was nonsignificant for each 
comparison. This indicates that the combining ability of the 
maintained S2 lines did not change significantly from the original 
S2 lines. 
To better understand the changes in the hybrids, each original 
82"line hybrid was compared with its maintained S2 lines and S2 
line counterparts (Table 20). In general, plant traits showed more 
individual hybrid changes than did grain or ear traits, with tassel 
branch number showing the greatest number of significant changes (27) 
and ears plant"^ the least (4) (Table 20). The changes that did 
occur were in both the positive and negative directions for most traits 
and comparisons (Table 20). These bidirectional changes indicate that 
genetic drift has occurred during the maintenance of the S2 lines, 
and these changes were subsequently being expressed in their hybrids. 
For some traits, however, the changes tended to occur in one direction 
and, therefore, these changes were not random in direction and were 
probably confounded by some type of unintentional selection. For 
example, maturity traits, such as days to anthesis and days to silk, 
had the maintained Sg-line hybrids showing mean decreases compared to 
their original $2 line hybrids, indicating that there was some type 
Table 20. Hybrid comparisons of each original S2 line with its Sg and 
maintained S2 line for 14 plant, ear, and grain traits 
evaluated in Experiment 13 and 14, data combined over 
environments and testers 
Entries 
Days to anthesis Days to silk Pollen-






3 + + 
4 
C D 
6 — — + — — + 
7 + - + -
8 + + 
9 — — — -
10 - -
11 — — 
12 + — -
13 - - -
14 — — + 
^Sg lines maintained by using 10 plants. 
^82 lines maintained by using 20 plants. 
^Sg lines developed by single-seed descent. 
lines maintained by using mild selection. 
^Hybrids are significantly less than their original S„ line hybrid 
at P = 0.05. 
^Hybrids are significantly more than their original S line hybrid 
at P = 0.05. 
Ill 
silk interval Tassel branch number Leaf width 




+ + + + 
+ + — 
+ + + 
Table 20. (Continued) 
Plant height Ear height Kernel 
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300-K weight Yield 




of selection for earliness (Table 20). In contrast, the Sg-line 
hybrids showed changes occurring in both directions for these same 
traits. 
The original S2-line hybrids were compared with their maintained 
S2 lines and Sg-line hybrids for yield (Table 20). Each maintained 
S2-line hybrid, except one, yielded similar to its original S^-line 
hybrid. However, three Sg-line hybrids were significantly different 
from their original S2 line hybrids for grain yield. These data 
suggest that maintaining S2 lines through the procedures used in this 
study had small effects on the combining ability of the individual S2 
lines used. The significant changes for three of the Sg line 
hybrids, however, indicate that combining ability can be and was 
altered during the inbreeding process. 
Other individual S2- and Sg-line hybrid comparisons were made 
to observe how individual hybrids had changed (Tables 21, 22, and 23). 
Table 21 compares hybrids of each S2 line maintained by using 10 
plants with its S2 line maintained by using 20 plants. All traits 
except pollen-silk interval showed at least one comparison being 
significant, indicating that the maintenance of S2 lines by using 
either 10 or 20 plants caused different changes to occur and that these 
changes were expressed in their hybrid progeny. Also, the significant 
changes that did occur for yield and yield components tended to show 
that S2 lines maintained by using 10 plants were superior to S2 
lines maintained by using 20 plants when evaluated as hybrids. This 
could be accounted for by the fact that S2 lines maintained by using 
Table 21. Hybrid comparisons of each S2 line maintained by using 10 
plants with its S2 line maintained by using 20 plants for 14 
plant, ear, and grain traits evaluated in Experiments 13 and 
14, data combined over environments and testers 
Pollen- Tassel 
Days to silk branch Leaf Plant Ear 
























^Minus sign indicates S2 line maintained by using 20 plants is 
significantly less than its Sg line maintained by using 10 plants when 
evaluated as hybrids at P = 0.05. 
^Plus sign indicates S2 line maintained by using 20 plants is 
significantly more than its Sg line maintained by using 10 plants when 
evaluated as hybrids at P = 0.05. 
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row Ear Ear Kernel Ears ^ 300-K 




Table 22. Hybrid comparisons of each S2 line maintained by using 10 
plants with its Sg line for 14 plant, ear, and grain traits 
evaluated in Experiments 13 and 14, data combined over 






















2 - + - + + 
3 + -
4 - + + 
5 - - + 
6 + + + 
7 + + -
8 + + + + 
9 + - -
10 + + -
11 
12 + — + 
13 + -
14 + - - -
^Minus sign indicates Sg line is significantly less than its line 
maintained by using 10 plants when evaluated as hybrids at P = 0.05. 
^Plus sign indicates Sg line is significantly more than its S^ line 
maintained by using 10 plants when evaluated as hybrids at P = 0.05. 
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Kernel 
row Ear Ear Kernel Ears ^ 300-K 





Table 23. Hybrid comparisons of each S2 line maintained by using 20 
plants with its Sg line for 14 plant, ear, and grain traits 
evaluated in Experiments 13 and 14, data combined over 



















2 - + - + 
3 + + -
4 + + 
5 + + + 
6 + + 
7 + + — 
8 + + + + 
9 - -
10 - - + • 
11 -
12 - + 
13 + - -
14 + 
^Minus sign indicates Sg line is significantly less than its Sg line 
maintained by using 20 plants when evaluated as hybrids at P = 0.05. 
^Plus sign indicates Sg line is significantly more than its S» line 
maintained by using 20 plants when evaluated as hybrids at P = 0.05. 
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10 plants showed greater genetic changes, and these were favorable 
changes that were expressed in their hybrids. Individual hybrid 
comparisons between the S2 lines maintained by using 10 plants and 
their Sg lines and between the S2 lines maintained by using 20 
plants and their Sg lines showed that the maintained $2 lines 
differed significantly from their highly inbred lines for all traits 
and several lines (Tables 22 and 23). The hybrids of the S2 lines 
maintained by using 10 plants, however, showed a greater number of 
significant changes from their Sg line hybrids than did the S2 
lines maintained by using 20 plants. This may indicate that the S2 
lines maintained by using 10 plants have undergone more genetic changes 
than have their counterparts maintained by using 20 plants. 
Hybrid-Inbred Evaluation 
The expression in hybrids of genetic changes that occurred in 
their maintained S2 lines would depend on the gene action involved 
and the precisions of the inbred and hybrid experiments. Because 
changes occurred in the maintained S2 lines ner se does not imply 
that these changes will be expressed in their hybrids and, if no 
significant changes occurred in the maintained $2 lines, this does 
not imply that their hybrids will not show significant differences. 
In general, the total number of detectable significant changes was 
slightly greater for the S2 lines per se than their hybrids (Table 
24). However, days to anthesis, days to silk, tassel branch number, 
and 300-K weight showed more significant changes for the hybrids than 
Table 24. The total number of significant changes detected in each character for the original S2 
line or hybrid compared with its maintained Sg line or hybrid 
S2-IO* 82-20^ Sg-MgC 
Inbred Hybrid Inbred Hybrid Inbred Hybrid 
Days to anthesls 0 4 1 5 1 1 
Days to silk 6 7 5 6 1 3 
Pollen-silk interval 2 1 1 0 1 0 
Tassel branch number 2 6 1 9 1 3 
Leaf width 2 2 2 2 0 0 
Plant height 6 4 4 3 1 1 
Ear height 3 2 2 5 1 0 
Kernel row number 3 4 1 1 2 0 
Ear length 6 3 4 1 1 1 
Ear diameter 5 4 3 1 0 2 
Kernel depth 2 1 2 1 0 0 
Ears plant"! 4 0 4 0 1 1 
300-K weight 3 4 3 3 0 1 
Yield 9 1 5 0 1 1 
Total j 53 44 38 37 11 14 
Inbred-hybrid 16 8 5 
lines maintained by using 10 plants. 
^82 lines maintained by using 20 plants. 
^82 lines maintained by using mild selection. 
Changes in the maintained Sg lines that were also expressed in their hybrid progeny. 
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for the S2 lines per se. These results may be attributed to the 
greater precision of testing for the hybrid experiments compared to the 
inbred experiment. 
The inbred study detected a total of 53 changes for the S2 lines 
maintained by using 10 plants, 38 changes for the S2 lines maintained 
by using 20 plants, and 11 changes for the S2 lines maintained by 
using mild selection, while only 16, 8, and 5 corresponding changes 
were detected in their hybrids, respectively (Table 24). Therefore, a 
large number of the changes that occurred for the maintained S2 lines 
per se did not correspond to detectable changes in their hybrid 
progeny. These discrepancies may be attributed to the low correlation 
between inbred and hybrid traits, differences in precision between the 
hybrid and inbred experiments, and/or sampling error. 
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GENERAL DISCUSSION AND CONCLUSIONS 
Fourteen original Sg lines and their progenies maintained by 
using 10 plants, 20 plants, and mild selection were evaluated per se 
and in testcross with two unrelated Sg inbred lines. The purpose was 
to determine if these maintenance procedures were sufficient to 
maintain the genetic stability of the S2 lines after several 
generations of sib-mating. Although highly inbred line single crosses, 
modified single crosses, and three-way crosses are the principal types 
of hybrids being grown by the U.S. farmers today, Stangland and Russell 
(1981) showed that S2 x S2 hybrids compared favorably with widely 
used types. They concluded that the variability associated with S2 x 
S2 hybrids may be acceptable to U.S. farmers. Thus, the use of S2 
lines may have some potential application in the hybrid seed industry, 
especially if such S2 lines can be maintained without genetic change 
over generations. 
There were significant differences among the S2-line groups for 
all traits except kernel row number and ear length. For grain yield, 
the original S2-line group significantly outyielded the S2 lines 
maintained by using 10 and 20 plants/group, but not the S2 lines 
maintained by using mild selection. The reduction in grain yield for 
the S2 lines maintained by using 10 and 20 plants, as groups, can be 
attributed to insufficient sample sizes used during the sib-mating 
procedures, which caused further inbreeding and genetic drift to 
occur. The reduction in mean value for maturity traits (days to 
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anthesls and days to silk) was probably caused by unintentional 
selection because breeders tend to sib-mate the first plants that are 
ready for crossing. The nonsignificant difference between the original 
S2-line group and the S2 lines maintained by using mild selection 
for grain yield indicates that the use of mild selection may be an 
effective tool for maintaining the genetic stability of S2 lines. 
Because only a limited number of S2 lines was maintained by using 
mild selection, inferences should be interpreted with some caution. 
Individual S2-llne comparisons between each original S2 line 
and its maintained S2 lines showed that significant changes in the 
maintained S2 lines occurred in both the positive and negative 
directions for most traits. Four of the S2 lines maintained by using 
10 plants yielded significantly greater than their original S2 lines, 
while five lines yielded significantly less. For the S2 lines 
maintained by using 20 plants, however, only five lines changed 
significantly from their original S^-line counterparts. These 
results suggest that the use of 20 plants during the maintenance of 
S2 lines is more effective in maintaining the genetic stability of 
the S2 lines in contrast to using 10 plants. The data obtained from 
the electrophoretic assays support the field results obtained in 
Experiment 12. The isozyme data showed segregating original S2 lines 
became fixed at a higher frequency after they had been maintained by 
using 10 plants than when 20 plants were used. 6-phosphogluconate 
dehydrogenase 2 was the only enzyme locus that showed no segregating 
original S2 lines. This can be accounted for by the original allelic 
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frequencies in the base population. Smith et al. (1985) showed that 
the allelic frequency for the gd 2 locus in the original lines going 
into BSSS was 0.93 for one allele and 0.07 for a second allele. 
The field and laboratory data collected in this study show that 
the restricted sample sizes used during the sib-mating procedure for 
maintaining the S2 lines caused genetic drift to occur for most 
traits, but for some traits the S2 lines tended to change in one 
direction, indicating that these changes could have been caused by 
unintentional selection, ffellhausen et al. (1955) suggested that 
unconscious selection can play an important role in causing genetic 
changes to occur within lines maintained by composite sibbing. 
The nonsignificant differences among hybrid groups for grain yield 
indicate that the combining ability of the S2 hybrids, as a group, 
was not altered during maintenance of the parent lines. However, there 
were significant differences among hybrid groups for other traits, 
suggesting that genetic changes have occurred during the maintenance of 
the S2 lines and that these changes were being expressed in their 
hybrids. The S2 lines maintained by using mild selection, as a 
hybrid group, however, produced hybrids that resembled the original 
S2-line hybrids more than did either of the other maintenance 
procedures. This supports the hypothesis that selection can be used as 
an effective tool for maintaining the genetic stability of S2 lines 
and their hybrids. Because the hybrids of the S2 lines maintained by 
using mild selection were a small sample (four lines), these results 
should be interpreted with caution. 
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Although the testers x lines interaction was significant for most 
traits, the testers x among groups interaction was nonsignificant for 
most traits. Consequently, the rank and performance of hybrids within 
individual groups were influenced more by the testers used, rather than 
the rank or performance among groups. 
Each original S2 line hybrid was compared with its maintained 
S2-line hybrids and Sg-line hybrid to observe if any specific 
changes have occurred for individual S2 lines. Only one maintained 
S2 line, line 12, showed any significant change in combining ability 
from its original S^-line hybrid. These results disagree with those 
obtained by ffellhausen et al. (1955) and Loeffel (1971). Wellhausen et 
al. (1955) found that three years of mass-sibbing caused significant 
changes in combining ability for 32% of the lines studied, while 
Loeffel (1971) found a significant decrease in combining ability in 
one-half of the lines maintained by sib-mating for three 
generations. The discrepancy in results between this study and 
previous studies is probably due to the difference in heterogeneity 
between and $2 lines. The more uniform $2 lines would be 
expected to show fewer genetic changes during their maintenance over 
generations than the more heterogeneous lines. 
The nonsignificant change in combining ability for most maintained 
S2 lines implies that the maintenance procedures used in this study 
were sufficient in maintaining the genetic stability of each line's 
combining ability. This is very important because, if breeders are to 
select high combining $2 lines based on early generation testing. 
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they would not want the combining ability of the S2 lines to change 
during their reproduction. The Sg-line hybrids, however, had three 
lines that differed significantly in combining ability from their 
original S2 line hybrids. This suggests that some of the original 
S2 lines were segregating for combining ability and, therefore, the 
potential combining ability of S2 lines may be significantly changed 
during the inbreeding process. This supports Loeffel's (1971) results 
that combining ability can be altered during inbreeding. Thus, the 
question may be asked whether or not the increased productivity of the 
S2 lines per se outweights any potential reduction in hybrid 
performance. 
Comparisons between changes in the S2 lines per se and their 
hybrids showed that the S2 lines had more changes per se than in 
testcrosses. The expression in hybrids of changes that occurred in the 
maintained S2 lines depends upon the gene action involved and the 
genetic make-up of the testers. Thus, the masking effect of the 
testers contributed to the reduction in the total number of significant 
changes observed among the hybrid progeny. Busch and Russell (1964) 
found similar results when they studied the expression of inbred line 
mutations in their hybrid progenies. 
The use of S2 lines for the production of single-cross hybrid 
seed would provide some distinct advantages when compared with the use 
of homozygous parent stocks. The primary advantage would be their 
greater plant vigor and, consequently, increased seed yields in the 
production of hybrid seed. Stangland (1980) observed that 50% of his 
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unselected S2 lines yielded the same as Mol7. Loeffel (1971) 
reported that seed yields of S2 lines were 70% higher when compared 
to Sj lines. This additional productivity of S2 lines would be 
beneficial to seed producers and farmers by reducing the cost of hybrid 
seed production. Besides increased productivity, these Sg lines 
should be less sensitive to harsh environmental conditions, such as 
heat and moisture stress, that may accompany the pollination period. 
This should allow for more consistent production of hybrid seed from 
year to year. 
Along with these advantages, however, there are disadvantages of 
using Sg lines in hybrid seed production. Their increased plant 
vigor may make roguing off-types difficult in production fields. Their 
increased heterogeneity compared to highly inbred lines could make 
maintaining these lines without changes due to genetic drift more 
difficult. This problem may be minimized by sib-mating a large number 
of plants each generation or by keeping reserve seed in cold storage. 
Conversion of Sg lines to cytoplasmic male sterility or to pollen 
restoration could also present increased difficulty. An additional 
disadvantage, is that year-to-year maintenance of an Sg line is more 
time-consuming per line because of the greater number of pollinations 
required than when using selfing procedures. Also, the hand production 
of crosses would be more time-consuming. 
The data from this study suggest maintaining S2 lines per se 
will be a problem if sample sizes <10 to 20 plants) are used, but may 
be possible if mild selection is used during their maintenance. Some 
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breeders may expect mild selection to give some positive gain relative 
to favorable changes in plant and ear traits. My results did not show 
a large gain from mild selection, but tended to indicate that mild 
selection kept the lines more similar to their original S2 lines than 
did the other maintenance procedures. Although the maintained S2 
lines per se showed a reduction in plant vigor and yield compared to 
their original S2 lines, this reduction was much less than if the 
lines had been inbred by using conventional pedigree methods. Despite 
these changes in the S2 lines per se. their combining ability was not 
greatly affected and, therefore, the advantagess of using S2 lines 
may be large enough to be of practical use in certain cases. 
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SUMMARY 
The use of S2 parent seed stocks for the production of hybrid 
seed would offer some advantages to seed producers because of their 
greater seed production per se and increased plant vigor compared to 
homozygous maize lines. However, utilizing S2 lines is not without 
some problems. One problem is maintaining the genetic integrity of an 
S2 line during its reproduction from generation to generation. This 
study was undertaken to evaluate maintained S2 lines per se and in 
testcrosses with two unrelated Sg testers The 14 random S2 lines 
developed from BSSS were evaluated as follows : original S2 lines, 
S2 lines maintained by using 10 plants and 20 plants, four S2 lines 
were also maintained by using mild selection for plant and ear traits, 
and all material crossed to two unrelated testers. Sg lines were 
also developed from each S2 line by using single-seed descent, but 
were only evaluated in crosses with the two testers. The plant 
materials were evaluated in three separate field experiments (12, 13, 
and 14), while the S2 lines per se were also studied in the 
laboratory using electrophoretic techniques. Data were collected in 
1985 and 1986 for 14 plant, ear, and grain traits. 
In Experiment 12, significant or highly significant differences 
among groups of lines were observed for all traits except kernel row 
number and ear length. The partitioning of among groups into three 
orthogonal comparisons showed that the original S2-line group vs. the 
S2 lines maintained by using 10 plants and 20 plants group accounted 
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for most of the among-groups variation for yield. The original S2 
lines, as a group, significantly outyielded the S2 lines maintained 
by using 10 plants and 20 plants, but was not significantly different 
from the S2 lines maintained by using mild selection. Individual 
S2-line comparisons showed that the maintained $2 lines differed 
from their original S2 lines for many of the lines, and these changes 
tended to be bidirectional for grain yield and most other traits. 
However, the S2 lines maintained by using 20 plants generally showed 
fewer changes from their original S2 lines than did the S2 lines 
maintained by using 10 plants. Similar results were observed for the 
S2 lines evaluated in the laboratory by using electrophoretic 
techniques. 
The evaluation of the S2 lines as hybrids (Experiments 13 and 
14) showed significant or highly significant differences among groups 
for 644 of the traits. For grain yield, the S^-line hybrid group vs. 
all other hybrid groups and the S2 lines maintained by using 10 
plants hybrid group vs. the S2 lines maintained by using 20 plants 
hybrid group comparisons accounted for the major proportion of the 
among groups variation in Experiments 13 and 14, respectively. Group 
comparisons showed that the original S^-line hybrid group was not 
superior to any of the maintained S^-line hybrid groups for yield. 
Individual Sgi-line hybrid comparisons showed that combining ability 
was not significantly affected by any of the maintenance procedures for 
13 of the 14 lines evaluated. Other traits, however, showed 
significant changes when each original S2-line hybrid was compared 
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with its maintained S2-line hybrids. 
Comparisons between the S2 lines -per se and their hybrids showed 
that, generally, the inbreds had a greater number of changes than did 
their hybrids. The reduced number of changes expressed in the hybrids 
is due to the masking effect of the testers used to produce these 
hybrids. 
The genetic changes, which occurred in the S2 lines after 
several generations of maintenance by sib-mating, can primarily be 
attributed to genetic drift caused by the small sizes used to reproduce 
the S2 lines. Other factors such as further inbreeding and 
unintentional selection, however, could and probably have contributed 
to the genetic change of the S2 lines per se and as hybrids. On the 
basis of the data collected in this study, the use of 10 or 20 plants 
was insufficient in maintaining the genetic integrity of the S2 lines 
per se, but the use of mild selection during §2 line reproduction may 
provide an avenue for maintaining the genetic stability of S2 lines 
per se. As hybrids, however, all maintenance procedures were effective 
in maintaining the combining ability of the original S2 lines. This 
is of great importance because, if breeders are to use S2 lines for 
the production of single-cross hybrids, they would not want the 
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APPENDIX 
Table Al. Degrees of freedom and mean squares from analyses of 
variance for 14 plant, ear, and grain traits of S2 lines 















4 29.22 12.25 12,69 0.0845 
45 16.72** 17.66** 4.56** 0.0608** 
Sg Original (A) 13 15.26** 17.12** 2.84* 0.0122 
10-plants (B) 13 20.66** 19.56** 3.33* 0.0614** 
20-plants (C) 13 17.02** 14.83** 5.51** 0.1264** 
Sg mild selection (D) 3 2.80 12.00** 11.07** 0.0247 
Among groups 3 18.59** 29.62** 6.74** 0.0206 
A vs. (B + C) 1 17.61** 11.67* 0.61 0,0077 
B vs. C 1  2 . 8 6  3.46 12.60** 0.0026 
(A + B + C) vs. D 1 35.31** 73.74** 7.00* 0.0516 



















26.29 0.1802 449.52 194.83 2.34 17.05 0.1503 
75.87** 4.2046** 664.34** 467.12** 23.86** 18.54** 0.3663** 
61.88** 5.3607** 663.07** 576.74** 20.57** 5.93* 0.4589** 
91.25** 4.6647** 580.65** 419.44** 26.36** 23.18** 0.3216** 
69.29** 3.7669** 735.89** 509.63** 24.90** 30.67** 0.2619** 
45.24** 2.7538** 624.07** 83.34** 45.10** 13.59** 0.7467** 
128.99** 0.5486 462.79** 398.27** 1.56 5.51 0.2307** 
9.69 1.2700* 489.46** 92.97* 0.35 0.74 0.4869** 
68.88** 0.0686 135.63 175.62** 1.40 1.56 0.1086 
308.39** 0.3071 763.29** 926.22** 2.94 14.23* 0.0967 
4.58 0.2135 46.18 17.42 1.40 2.88 0.0481 
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A vs. (B + C) 
B vs. C 
(A + B + C) vs. D 
Error 
0.0813 188.07 
45 0.0652** 879.83** 













13 0.0744** 1190.81** 1.2054* 
13 0.0704** 840.95** 4.5630** 
4.4839** 
0.0383* 1555.39** 3.5201** 





Table A2. Degrees of freedom and mean squares from analyses of 
variance for 14 plant, ear, and grain traits of S2 lines 












Replications 4 4.85 6.10 2.77 0.0023 
Entries 45 18.71** 15.56** 4.54** 0.0776** 
Original (A) 13 20.23** 16.67** 2.24 0.0818** 
ID-plants (B) 13 18.45** 16.01** 7.10** 0.1048** 
20-plants (C) 13 21.96** 17.59** 4.95* 0.0639** 
mild selection (D) 13 6.53* 3.27 4.47 0.0200 
Among groups 3 11.34** 12.28** 1.70 0.0585* 
A vs. (B + C) 1 18.44** 7.20 2.59 0.0012 
B vs. C 1  0 .00  0.35 0.35 0.0006 
(A + B + C) vs. D 1 15.60** 29.30** 2.15 0.1737 



















45.71 1.2845 216.94 142.35 0.84 4.54 0.0957 
74.47** 3.6200** 656.93** 560.27** 16.38** 23.20** 0.3992** 
68.27** 3.6183** 867.34** 701.94** 14.66** 19.56** 0.4227** 
88.83** 4.2977** 539.73** 493.16** 17.37** 31.02** 0.4015** 
67.20** 3.5343** 633.47** 605.01** 16.93** 24.82** 0.3358** 
54.89** 4.5178** 133.22 175.89* 32.34** 13.48** 0.7685** 
90.18** 0.1642 878.403** 427.74** 1.09 7.83 0.1928** 
2.92 0.4212 291.00* 250.71* 2.02 2.48 0.3660** 
1.28 0.0520 107.01 0.12 1.12 0.16 0.0826 
266.34** 0.0195 2237.19** 1032.40** 0.16 20.84* 0.1299* 
3.86 0.2973 65.06 45.63 0.95 3.28 0,0374 
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Sg mild selection 
Among groups 
A vs. CB + C) 
B vs. C 


































Table A3. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of S2 lines evaluated in 





Days to Days to silk Ears ^ 
anthesis silk interval plant 
Replications 4 7.14 8 . 6 8  9.33 0.0445 
Entries 45 5.28** 16.07** 6.12** 0.1265** 
Sg Original (A) 13 5.90** 15.78** 4.37** 0,0752** 
10-plants (B) 13 5.41** 15.53** 4.05** 0.1285** 
20-plants (C) 13 6.52** 20.09** 8.57** 0.2149** 
mild selection (D) 3 0.31 7.60** 6.99** 0.0192 
Among groups 3 1.66 10.76** 11.19** 0.0644* 
A vs. CB + C) 1 3.81* 4.61 0.04 0,0105 
B vs. C 1 0,46 2 , 8 6  1.03 0.0120 
(A + B + C) vs. D 1 0.71 24.81** 10.13** 0.1706** 



















47.21 0.8330 213.66 64.38 0.81 9.48 0. 1023 
67.00** 3.6319** 772.53** 592.40** 26.43** 30.15** 0. 6380** 
51.44** 4.7954** 939.98** 619.64** 23.98** 22.44** 0. 4985** 
79.12** 3.5785** 694.00** 449.68** 25.79** 30.07** 0. ,4251** 
71.54** 3.1200** 705.10** 666.14** 31.80** 46.22** 1. 0942** 
18.82** 1.4792** 415.77** 387.95** 38.08** 18.31* 0. 4433** 
110.49** 3.1926** 1036.02** 977.57** 4.88** 6.04 0. 3829** 
4.10 7.6545** 458.65* 196.66* 10,78** 6.32 1. 0006** 
19.24* 0.1086 185.38 428.75** 0.06 1.99 0.1200 
308.06** 1.8153* 2464.02** 2307.31** 3.82 9.81 0.0281 
4.16 0.3211 80.39 42.08 1.17 4.91 0.0590 
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Sg mild selection 
Among groups 
A vs. (3 + C) 



































Table A4. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of S- liens evaluated in 




Days to Days to silk 
df anthesis silk interval plant 
Ears . 
— 1 
Replications 4 7.55 9.70 1.93 0.0638 
Entries 45 6.64** 10.07** 3.19** 0.0305** 
S2 Original (A) 13 8.38** 12.70** 2.82** 0.0201 
Sg 10-plants (B) 13 6,01** 6.63** 2.48** 0.01705 
Sg 20-plants (C) 13 6.35** 10.66** 3.80** 0.0545** 
Sg mild selection (D) 3 1.40 2.05 2.85* 0.0507** 
Among groups 3 8.35** 18.99** 5.50** 0.0094 
A vs. (B + C) 1 0.95 0.04 1.37 0.0019 
B vs. C 1 0.03 10.31* 11.43** 0.0161 
(A + B + C) vs. D 1 24.06** 46.61** 3.66 0.0103 




branch Leaf Plant Ear row Ear Ear 
number width height height number length diameter 
13.44 1.0288 171.36 12 .  69 1.38 28.83 0.3825 
44.43** 3.5070** 585.45** 525.35** 22.59** 9.55* 0.3514** 
34.09** 3.8538** 449.85** 491.65** 20.73**- 8.06 0.2731** 
54.70** 4.6015** 669.28** 366.12** 22.26** 9.64* 0.3488** 
30.19** 3.2546** 440.87** 550.98** 24.80** 13.52** 0.4008** 
30.05** 1.0113* 1088.37** 419.99** 44.79** 6.55 0.7733** 
120.81** 0.8508 933.38** 1355.68** 0.45 1.44 0.0660 
2.32 0.3094 89.42 151.56 0.25 0.19 0.0801 
1.17 0.01031 242.88 115.38 0.94 4.11 0.1031 
358.92** 2.1393* 2467.84** 3800.09** 0.17 


















A vs. (B + C) 
B vs. C 





13 0.0477** 1026.65** 























Error 180 0.0084 27.37 0.7087 
Table A5. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of hybrids evaluated in 













Replications (R) 4 24.09 31.02 1.76 14.49 
Entries (H) 80 9.20** 7.92** 1.79* 26.14** 
Check vs. Expérimentais 1 2.09 0.81 0.21 365.84** 
Expérimentais 79 9.29** 8.01** 1.81* 21.84** 
Testers CT) 1 169.52** 68.60** 22.82** 906.91** 
T X Lines 39 1.20 2.42** 1.44 6.42* 
Lines CL) 39 2.50** 12.06** 1.64 14.57** 
S» Original (A) . 9 9.62** 10.89** 1.31 23.60** 
Sg 10-plants (B) 9 15.08** 12.82** 2.40* 9.13* 
S„ 20-plants (C) 9 8.68** 8.28** 1.34 17.08** 
Sg (D) 9 17.24** 18.53** 1.33 13.09** 
Among groups 3 3.73** 5.13** 1.58 0.68 
(A + B + C) vs. D 1 4.26* 2.46 0.18 0.65 
A vs. (B + C) 1 5.61* 12.54** 0.96 1.34 
B vs. C 1 6.33 0.37 3.60 0.07 
T X Lines 39 1.20 2.42** 1.44 6.42* 
S. Original (A) 9 2.06* 1.59 0.84 8.84* 
Sp 10-plants (B) 9 1.24 2.47* 1.61 6.17 
S„ 20-plants (C) 9 3.61** 1.01 1.42 7.99* 
S 8 CD) 9 3.84** 4.81** 2.04 3.80 
Among groups 3 0.27 1.81 1.03 3.04 
(A + B + C) vs. D 1 0.61 2.34 0.56 4.53 
A vs. (B + C) 1 0.02 0.79 1.12 1.11 
B vs. C 1 0.19 2.30 1 42 3.47 
Error 
a 
0.86 1.08 1.17 3.91 
(280) (280) (280) (280) 
^Error degrees of freedom various with each trait and is given in 




Leaf Plant Ear row Ear Ear Kernel 
width height height number length diameter depth 
1.9638 1507.84 642.11 3.36 7.66 0.1797 0.0277 
6.2971** 282.99** 160.28** 6.56** 4.64** 0.0719** 0.0325** 
0.2457 18.34 266.93** 1.82 10.17** 0.0000 0.0000 
6.3737** 286.34** 158.93** 6.62** 4.57** 0.0736** 0.0331** 
377.9136** 4864.71** 37.64 31.84** 69.39** 0.0650 0.0018 
0.3435 124.41** 44.35** 1.80 2.49* 0.0515 0.0201 
2.8772** 330.88** 276.62** 10.80** 4.97** 0.0959** 0.0470** 
3.2083** 225.35** 268.31** 16.37** 34.41** 0.2103** 0.0765** 
2.5306** 145.89** 147.81** 9.56** 5.00** 0.0501 0.0172 
1.9621** 218.74** 226.55** 12.06** 3.40* 0.0684 0.0258 
4.5631** 764.57** 527.46** 8.33** 8.28** 0.0850* 0.0824** 
0.6110 237.74** 85.67** 1.49 3.14 0.0045 0.0048 
0.0705 388.57** 122.75* 1.08 0.16 0.0080 0,0144 
0.0140 324.21** 130.67* 1 92 0.73 0.0051 0.0001 
1.7485** 0.44 3.59 1.48 8.53* 0.0003 0.0001 
0.3435 124.41** 44.35** 1.80 2.49* 0.0515 0.0201 
0,2542 136.44** 36.69 3.22** 3.12* 0.0787 0.0186 
0.3389 127.25** 24.18 2.01 2.58 0.0389 0.0111 
0.4924 110.34** 47.78 1.15 1.60 0.0452 0.0097 
0.3422 155.56** 69.71** 1.37 3.36** 0.0474 0.0466* 
0.1798 28.10 41.35 0.16 0.43 0.0390 0.0039 
0.0001 23.75 106.86* 0.00 0.21 0.0918 0.0002 
0.0088 0.54 0.02 0.00 0.18 0.0063 0.0054 
0.5305 60.01 17.17 0.48 0.91 0.0190 0.0061 
0.2677 28.85 19.37 1.14 1.32 0.0418 0.0202 
(320) (280) (280) (280) (280) (280) (.280) 
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Source df plant weight Yield 
Replications 4 0.0003 48.57 14.6853 
Entries 80 0.0019 238.48** 1.9463** 
Check vs. Expérimentais 1 0.0256** 285.09* 1.0062 
Expérimentais 79 0.0016 237.89** 1.9582** 
Testers 1 . 0.0042 1571.92** 1.5500 
T X Lines 39 0.0020 62.43 0.9462 
Lines 39 0.0011 379.14** 2.9807** 
Sg Original 9 0.0007 558.84** 1.9909* 
S_ 10-plants 9 0.0009 339.09** 3.3709** 
S„ 20-plants 9 0.0016 391.93** 1.9371* 
^8 9 0.0009 334.33** 5.3762** 
Among groups 3 0.0023 56.27 0.7234 
(A + B + C) vs. D 1 0.0002 24.84 0,0217 
A vs. CB + C) 1 0.0033 2.86 1.0450 
B vs. C 1 0.0032 141.12 1.1026 
T X Lines 39 0.0020 62.43 0.9462 
S2 Original 9 0.0048** 46.11 1.8467* 
S» 10-plants 9 0.0004 34.54 1.3022 
S„ 20-plants 9 0.0024 123.44** 0.4178 4 9 0.0004 28.08 0.4811 
Among groups 3 0.0016 115.06* 0.1515 
(A + B + C) vs. D 1 0.0002 226.59* 0.1260 
A vs. (B + C) 1 0.0043 7.30 0.2340 
B vs. C 1 0.0002 111.30 0.0946 
Error 0.0017 38.86 0.8939 
C320) (280) (.280) 
Table A6. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of hybrids evaluated in 













Replications (R) 4 21.90 26.24 0.66 53.72 
Entries (H) 80 15.68** 14.56** 3.70** 17.69** 
Check vs. Expérimentais 1 10.15* 0.00 8.44* 396.10** 
Expérimentais 79 15.75** 14.75** 3.64** 12.90** 
Testers CT) 1 175.17** 205.35** 1.56 217.34** 
T X Lines 39 5.20** 3.92* 2.96* 4.34 
Lines (L) 39 22.21** 20.69** 4.36** 16.21** 
Sg Original (A) 9 19.74** 16.74** 4.74** 14.46** 
S„ 10-plants (B) 9 35,81** 27.74** 4.16** 13.56** 
S 20-plants (C) 9 19.82** 17.06** 4.98** 14.50** 
Sg CD) 9 16.59** 22.51** 4.87** 26.55** 
Among groups 3 12.83** 16.84** 0.43 3.56 
CA + B + C) vs. D 1 21.25** 24.74** 0.07 4.07 
A vs. CB + C) 1 15.11** 18.99** 0.24 0.03 
B vs. C 1 2.12 6.79 0.98 6.57 
T y Lines 39 5.20** 3.92 2.96* 4.34 
Sp Original (A) 9 7.67** 5.91* 1.89 7.26 
S„ 10-plants (B) 9 1.69 2.89 3.76* 3.92 
S„ 20-plants (C) 9 5.59** 3.79 2.83 2.66 
9 7.13** 2.85 3.69* 4.33 
Among groups 3 1.34 4.63 2.09 1.89 
CA + B + C) vs. D 1 3.58 5.47 0.61 3.79 
A vs. (B + C) 1 0.38 1.26 0.54 1.24 
B vs. C 1 0.06 7.16 5.12 0.63 
Error 
a 
1.79 2.37 1.71 3.84 
(280) 1280) (280) (280) 
^Error degrees of freedom various with each trait and is given in 




Leaf Plant Ear row Ear Ear Kernel 
width height height number length diameter depth 
0.3257 57.38 141.76 1.23 2.25 0.2207 0.0458 
5.4878** 318.31** 182.60** 4.63** 6.97** 0.0734** 0.0253** 
0.9216* 0.00 48.30 1.47 17.24** 0,0000 0.0095 
5.5456** 322.38** 184.30** 4.67** 6.84** 0.0752** 0.0255** 
314.8850** 6741.23** 1516.71** 1.73 108.89** 0.6006** 0.0011 
0.4874** 179.43** 72.41** 0.86** 4.83** 0.0733** 0.0199** 
2.6720** 300.24** 262.03** 8.56** 6.24** 0.0636** 0.0317** 
2.7814** 220.62** 203.60** 8.00** 3.27* 0.0482 0.0294** 
3.1889** 166.81** 125.01** 11.62** 5.70** 0.0434 0.0279** 
2.0002** 141.77** 245.04** 10.16** 7.26** 0.0959** 0.0368** 
3.4967** 719.16** 542.07** 6.88** 9.13** 0.0685* 0.0424** 
0.3348 164.57* 59.20* 1.30* 5.05* 0.0594 0.0020 
0.6864 6.38 0.32 0.21 2.31 0.0290 0.0003 
0.3082 365.59** 144.94* 0.00 8.87* 0.0590 0.0008 
0.0098 121.76 32.32 3.70** 3.96 0.0903 0.0050 
0.4874** 179.43** 72.41** 0.86** 4.83** 0.0733** 0.0199** 
0.3216 128.24** 35.08 1.07* 2.94 0.1138** 0.0369** 
0.2569 186.33** 22.86 0.74 5.70** 0.0092 0.0054 
0.8633** 178.56** 105.14** 1.02* 8.15** 0.0847** 0.0077 
0.5900** 273.20** 109.80** 0.81 3.73* 0.07967* 0.0338** 
0.2379 32.90 122.77** 0.23 1.20 0.0902* 0.0082 
0.0270 0.53 91.03 0.03 0.37 0.2054 0.0188 
0.6144 40.02 15.29 0.65 2.02 0.0532 0.0033 
0.0722 58.16 261.98** 0.01 1.21 0.0120 0.0025 
0.2168 44.23 21.63 0.47 1.68 0.0320 0.0092 
(280) (280) (280) (320) (280) 1280) (.280) 
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Replications 4 0.0015 387.17 8.9464 
Entries 80 0.0056** 356.02** 2.9498** 
Check vs. Expérimentais 1 0.0000 62.93 3.3686 
Expérimentais 79 0.0057** 359.73** 2.9446** 
Testers 1 0.0576** 77.04 27.9841** 
T X Lines 39 0.0047* 152.93** 2.5538** 
Lines 39 0.0054** 573.78** 2.6933** 
Original 9 0.0043 794.95** 2.8837* 
S„ 10-plants 9 0.0012 646.01** 3.0832* 
S- 20-plants 9 0.0098** 327.19** 1.6923 4 9 0.0049 710.07** 2.8282 
Among groups 3 0.0091* 24.46 3.5501 
CA + B + C) vs. D 1 0.0000 10.97 9.2050* 
A vs. (3 + C) 1 0.0160* 62.40 1.3348 
B vs. C 1 0.0113* 0.00 0.1105 
T X Lines 39 0.0047* 152.93** 2.55.38** 
S. Original 9 0.0029 159.22** 2.7764* 
S» 10-plants 9 0.0020 71.78 1.7833 
S„ 20-plants 9 0.0111** 204.22** 4.0604** 4 9 0.0031 207.78** 2.1700 
Amoung groups 3 0.0082 58.41 0.8191 
(A + B + C) vs. D 1 0.0033 38.11 1.1408 
A vs. (B + C) 1 0.0028 71,69 1.2240 
B vs. C 1 0.0061 65.44 0.0925 
Error — 0.0027 57.05 1.3648 
(280) (.280) (.280) 
Table A7. Degrees of freedom and mean squares from analyses of variance 
for 11 plant, ear, and grain traits of hybrids evaluated in 












Replications (R) 4 14.74 1.1069 2215,67 813.74 
Entries (H) 80 11.71** 3.5799** 336.06** 158.63** 
Check vs. Expérimentais 1 326.13** 0.0170 50.87 205.24* 
Experiments 79 7.73** 3.6250** 339.67** 158.04** 
Testers (T) 1 17.39 172.3969** 3611.41** 1766.52** 
T X Lines 39 3.95 0.7038 272.68* 52.97 
Lines 39 11.27** 2.2186** 322.77** 221.86** 
Sg Original (A) 9 7.02 1.4227* 210.71 188.01** 
Sg 10-plants (B) 9 139.70** 2.6047** 237.48 194.48** 
S_ 20-plants CC) 9 14.05** 2.1203** 224.82 241.23** 
Sg (D) 3 10.08* 2.9896** 636.73** 264.64** 
Among groups 3 6.53 1.4305 266.84 219.10** 
CA + B + C) vs. D 1 7.78 0.1083 118.82 35.02 
A vs. CB + C) 1 9.08 3.2856* 608.03* 564.93** 
B + C 1 2.74 0.8978 73.69 57.35 
T X Lines 39 3.95 0.7038 272.68* 52.97 
Sp Original (A) 9 2.44 0.5344 427.44** 42.41 
S- 10-plants (B) 9 3.41 0.9904 261.00 69.93 
S„ 20-plants (C) 9 3.22 0.4056 184.22 36.85 
S8 CD) 9 7.49 0.6269 243.67 75.30 
Among groups 3 1.58 1.4742 195.48 15.16 
(A + B + C) vs. D 1 3.35 0.8427 570.63* 15.10 
A vs. (B + C) 1 0.00 0.5046 4.47 2.64 
B vs. C 1 1.38 3.0752 11.33 27.75 
Error 
a 4.12 0.5835 145.40 48.61 
(320) (320) (280) (280) 
^Error degrees of freedom various with each trait and is given in 




row Ear Ear Kernel Ears_, kernel 
number length diameter depth plant weight Yield 
7.91 46.03 1.2215 0.0876 0.07.65 419.64 27.8829 
5.23** 10.06** 0.1392 0.0187** 0.0167* 288.00** 3.4023** 
0.00 63.78** 0.0000 0.0029 0.0325 0.00 20.8771** 
5.30** 9.38** 0.1410 0.0189** 0.0165* 291.69** 3.1811** 
7.85** 188.51** 2.9156 0.1008 0.0400 8316.98** 82.8100** 
1.48 3.16 0.0672 0.0094 0.0089 66.54 0.8532 
9.06** 11.01** 0.1436 0.0263** 0.0234** 311.06** 3.4672** 
8.81** 8.42** 0.1002 0.0341** 0.0083 434.65** 2.7326* 
7.92** 7.46* 0.0764 0.0300** 0.0098 310.11** 2.2311* 
8.55** 7.33* 0.1350 0.0314** 0.0162 326.28** 4.4198** 
13.38** 22.96 0.3045 0.0161 0.0647** 265.79** 5.3462** 
1.78 4.66 0.0188 0.0069 0.0074 60.24 0.8840 
2.91 3.30 0.0003 0.0078 0.0052 179.84* 0.3960 
0.34 0.34 0.0000 0.0000 0.0008 0.87 0.2360 
2.08 10.35 0.0561 0.0128 0.0162 0.01 2.021 
1.48 3.16 0.9672 0.0094 0.0089 66.54* 0.8532 
0.59 2.53 0.0518 0.0110 0.0059 52.67 0.5111 
0.11 3.78 0.0207 0.0039 0.0098 50.56 1.1178 
1.00 3.30 0.0287 0.0069 0.0048 67.44 1.1150 
3.98** 3.62 0.1667 0.0150 0.0104 111.11** 0.7578 
2.21 1.43 0.0683 0.0117 0.0228 19.05 0.5826 
4.58* 4.08 0.0581 0.0068 0.0261 25.95 0.0300 
0.90 0.05 0.0477 0.0122 0.0002 28.21 1.5000 
1.16 0.16 0.0990 0.0162 0.0421 3.00 0.2178 
1.04 3.06 0.8682 0.0103 0.0109 42.19 1.0842 
(280) (280) (280) (280) (280) (280) (280) 
Table A8. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of hybrids evaluated in 













Replications (R) 4 2.73 3.12** 1.70 2.28 
Entries (H) 80 7.92** 7.75** 3.61** 19.61** 
Check vs. Expérimentais 1 0.81 5.38** 1.24 275.57** 
Expérimentais 79 8.01** 7.78** 3.64** 16.37** 
Testers (.T) 1 172.92** 2.24* 138.95** 811.25** 
T X Lines 39 2.56** 2.54** 1.55** 3.39* 
Lines 39 9.24** 13.18** 2.27** 8.97** 
Sg Original CA) 9 11.78** 12.54** 0.86 8.92** 
S_ 10-plants (B) 9 12.43** 17.15** 2.10** 10.19** 
S« 20-plants (C) 9 5.45** 11.37** 3.39** 6.35** 
Sg (D) 9 8.51** 14.24** 3.12** 12.85** 
Among groups 3 5.59** 5.47** 1.12 1.64 
(A + B + C) vs. D 1 4.21* 6.52** 0.18 3.19 
A vs. CB + C) 1 12.57** 7.48** 0.94 0.81 
B vs. C 1 0.00 2.40* 2.25 0.94 
T X Lines 39 2.56** 2.54** 1.55** 3.39* 
S„ Original CA) 9 1.31* 1.14* 0.53 3.87 
Sg 10-plants (B) 9 2.19** 2.14** 1.19 1.25 
S„ 20-plants (C) 9 3.76** 0.53** 1.15 2.91 
Sg CD) 9 3.17** 3.91** 3.13** 6.06** 
Among groups 3 1.68 3.81** 2.07* 1.79 
(A + B + C) vs. D 1 4.81** 3.84** 0.11 3.14 
A vs. CB + C) 1 0.71 0.48 0.11 2.09 
B vs. C 1 0.14 7.11** 5.99** 0.14 
Error 
a 
0.62 0.52 0.72 2.22 
C280) (280) (280) (280) 
^Error degrees of freedom various with each trait and is given in 




Leaf Plant Ear row Ear Ear Kernel 
width height height number length diameter depth 
0.1190 97.99 38.06 0.53 1.09 0.0101 0.0006 
4.6698** 254.58** 192.11** 6.42** 4.72** 0.0738** 0.0166** 
0.6092 0.00 0.00 9.58** 14.99** 0.0027 0.0166 
4.7212** 257.88** 194.76** 6.38** 4.59** 0.0747** 0.0166** 
197.0514** 12.11 269.37** 32.83** 49.35** 0.2756** 0.0576** 
0.7586** 101.94 50.39* 0.91** 2.79** 0.0548** 0.0123** 
4.2138** 420.12** 337.21** 11.18** 5.23** 0.0894** 0.0198** 
4.2697** 179.54* 244.63** 13.15** 4.69** 0.0265 0.0081 
2.2274** 309.97** 190.88** 9.62** 2.39 0.0421** 0.0156** 
1.8637** 552.58** 373.53** 13.92** 7.62** 0.1209** 0.0303** 
5.8229** 734.34** 739.36** 11.67** 7.76** 0.1761** 0.0293** 
0.2278 132.24 41.49 0.55 0.63 0.0669** 0.0080 
0.0638 212.18 0.60 0.17 1.62 0.1261** 0.0010 
0.0683 125.04 123.53* 0.02 0.01 0.0433 0.0210 
0.5513 59.51 0.35 1.46* 0.25 0.0313 0.0021 
0.7586** 101.94 50.39* 0.91** 2.79** 0.0548** 0.0123** 
0.5367* 149.56 53.09 0.41 2.31 0.0402** 0.0088 
0.7300** 59.99 25.54 1.17** 2.39 0.0703** 0.0159* 
0.8511** 128.04 81.96 1.38** 2.78 0.0657** 0.0106* 
1.0478** 68.09 46.48 0.89** 3.58 0.0539** 0.0155* 
0.3608 107.97 33.88 0.27 3.06 0.0238 0.0068 
0.7475 6.05 66.72 0.01 0.23 0.0030 0.0001 
0.3220 297.37* 7.72 0.24 8.89* 0.0504 0.0051 
0.0128 20.48 27.19 0.57 0.07 0.0181 0.0153 
0.2173 76.21 28.59 0.32 1.29 0.0152 0.0054 
(280) (280) (280) (280) (280) (.280) (280) 
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Replications 4 0.0003 79.77 0.6518 
Entries 80 0.0019 372.36** 3.4454** 
Check vs. Expérimentais 1 0.0019 581.71** 22.7293** 
Expérimentais 79 0.0019 369.71** 3.2013** 
Testers 1 0.0001 3312.58** 0.0004 
T X Lines 39 0.0015 76.95** 1.3992* 
Lines 39 0.0024 587.01** 5.0855** 
S» Original 9 0.0003 896.29** 5.1688** 
S» 10-plants 9 0.0012 579.59** 2.4287** 
S» 20-plants 9 0.0033 551.30** 5.9916** 4 9 0.0053** 469.74** 8.1069** 
Among groups 3 0.0003 140.35** 1.0230 
CA + B + C) vs. D 1 0.0001 169.27* 0.5002 
A vs. (3 + C) 1 0.0001 234.13* 1.2240 
B vs. C 1 0.0008 17.64 1.3448 
T X Lines 39 0.0015 76.95** 1.3992* 
S„ Original 9 0.0007 57.89 1.3006 
S2 10-plants 9 0.0006 58.78 1.5456 
S„ 20-plants 9 0.0035* 93.66** 0.9494 
4 9 0.0012 113.39** 1.4702 
Among groups 3 0.0014 28.96 2.3920 
(A + B + C) vs. D 1 0.0027 26.97 0.0120 
A vs. (B + C) 1 0.0006 47.60 6.3448* 
B vs. C 1 0,0008 12.30 0.8192 
Error 0.0017 34.36 0.8231 
C280) C320) (.280) 
Table A9. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of hybrids evaluated in 













Replications (R) 4 6.64 3.63 1,20 7.30 
Entries (H) 80 11.07** 7.53** 5,65** 20.15** 
Checks vs. Expérimentais 1 0.01 13.85** 13,55** 430.16** 
Expérimentais 79 11.21** 7.45** 5,55** 14.96** 
Testers (T) 1 426.73** 26,19** 240,25** 637.94** 
T X Lines 39 3.39** 3.69** 2.09** 4.27** 
Lines (L) 39 8.38** 10.74** 2.99** 9.67** 
Sp Original (A) 9 8.84** 12,93** 3.38** 5.81* 
S. 10-plants (B) 9 9.52** 12.62** 2.34** 9.76** 
S„ 200plants (C) 9 4.77** 10.20** 3.05** 7.89** 
Sg (D) 9 11.77** 9.48** 4.00** 17.73** 
Among groups 3 4.19 3.88 0.55 2.16 
(A + B + C) vs. D 1 6.53 2.96 1.08 1.36 
A vs. (B + C) 1 5.20 8.32* 0.54 2.40 
B vs. C 1 0.83 0.35 0.02 2.73 
T X Lines 39 3.39** 3.69** 2.09** 4.27** 
S2 Original (A) 9 2.51 2.37 1.55 2.22 
S„ 10-plants (B) 9 4.12* 2.81 1,75* 4.12 
S„ 20-plants (C) 9 3.33 4.26** 1.48 5.57* 
Sg (D) 9 3.53* 5.58** 3.88** 7.40** 
Among groups 3 3.62 2.88 1.24 0.55 
CA + B + C) vs. D 1 0.27 1.54 3.20 0.40 
A vs. (B + C) 1 4.01 4.21 0.01 0.06 
B vs. C 1 6.57 2.89 0.50 1.18 
Error 
a 
1.73 1,51 0.85 2.29 
(280) (280) (320) (280) 
^Error degrees of freedom various with each trait and is given in 




Leaf Plant Ear row Ear Ear Kernel 
width height height number length diameter depth 
0.5686 501.96** 273.02 0.25 4.48 0.0879 0.0118 
4.3174** 299.99** 179.14** 5.60** 6.61** 0.0904** 0.0197** 
0.0000 9.28 103.30 3.23** 17.67** 0.0983 0.0750** 
4.3738** 303.68** 180.10** 5.63** 6,47** 0.0903** 0.0190** 
222.5318** 1025.12** 223.35* 8.96** 190.72** 0.5891** 0.0663** 
0.6241* 226.87 88.51** 0.95** 3.87** 0.0539 0.0111* 
2.5297** 362.01** 270.59** 10.23** 4.34** 0.1138** 0.0256** 
1.8371** 489.16** 280.24** 13.13** 5.51** 0.0182 0.0204** 
3.7816** 202.81 171.85** 8.85** 2.08 0.1679** 0.0398** 
1.7130** 289.03 374.83** 11.47** 5.97** 0.1735** 0.0295** 
3.6077** 576.38** 342.32** 10.77** 4.13* 0.1208 0.0145* 
0.0684 33.94 9.92 0.31 3.33 0.0373 0.0204* 
0.0038 9.77 2.74 0.03 6.75* 0.0248 0.0004 
0.0301 79.68 6.90 0.70 1.75 0.0051 0.0294* 
0.1711 12.38 20.13 0.20 1.48 0.0820 0.0313* 
0.6241* 226.87 88.51** 0.95** 3.87** 0.0539 0.0111* 
0.1800 174.44 134.89** 1.13** 3.73* 0.0227 0.0065 
0.9089** 240.89 53.83 0.87** 3.77* 0.0559 0.0178* 
0.8307* 97.34 72.99 1.52** 3.30 0.0710 0.0113 
0.7786 364.78* 111.33** 0.57 5.29** 0.0687 0.0117 
0.0179 316.20 31.08 0.07 2.01 0.0465 0.0028 
0.0026 356.48 58.65 0.03 0.52 0.1170 0.0000 
0.0187 273.71 17.73 0.13 1.77 0.0198 0.0000 
0.0325 318.40 16.85 0.05 3.75 0.0028 0.0085 
0.3932 152.61 41.44 0.32 1.69 0.0389 0.0072 
(280) (280) (280) (280) (320) (280) (280) 
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Replications 4 0.0013 86.83 6.8624 
Entries 80 0.0024* 248.44** 3.0974** 
Check vs. Expérimentais 1 0.0024 470.43** 19.8059** 
Expérimentais 79 0.0024* 245.63** 2.8859** 
Testers 1 0.0002 2042.81** 23.3048** 
T X Lines 39 0.0025* 49.36** 1.5701 
Lines 39 0.0024* 395.82** 3.6780** 
S2 Original 9 0.0031 661.12** 3.9837** 
S2 10-plants 9 0.0030 330.58** 2.6928* 
S„ 20-plants 9 0.0020 488.19** 4.4857** 4 9 0.0018 222.64** 3.9457** 
Among groups 3 0.0011 38.03 2.4909 
(A + B + C) vs. D 1 0.0004 95.23* 3.7464 
A vs. (B + C) 1 0.0011 3.45 3.3078 
B vs. C 1 0.0018 15.40 0.4186 
T X Lines 39 0.0025* 49.36** 1.5701 
S» Original 9 0.0028 83.33** 1.8411 
$2 10-plants 9 0.0027 42.11 1.8644 
Sg 20-plants 9 0.0033* 31.67 1.2378 
4 9 0.0009 49.89* 1.6067 
Among groups 3 0.0035 19.56 0.7562 
(A + B + C) vs. D 1 0.0019 14.71 1.0591 
A vs. (B + C) 1 0.0054 15.68 0.0005 
B vs. C 1 0.0032 28.28 1.2090 
Error — II Ml 0.0016 23.23 1.3458 
C280) (280) (280) 
Table AlO. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of hybrids evaluated in 
Experiment 14 at.Ames.in.1985 
Mean squares 
Pollen- Tassel 
Days to Days to silk branch 
Source df anthesis silk interval number 
Replications 4 15.67 20.04 13.89 11.25 
Entries 41 6.78** 5.06** 2.37* 43.39** 
Checks 1 1.89 0.84 0.10 7.06 
Checks vs. Expérimentais 1 4.26 0.00 3.47 413.17** 
Expérimentais 39 6.97** 5.30** 2.40* 34.84** 
Testers (T) 1 61.99** 29.57** 6.85* 940.91** 
T X Lines 19 2.64 3.27 2.01 6.74 
Lines 19 8.41** 6.05** 2.55* 15.26* 
S2 Original (A) 3 6.25** 5.30* 1.09 31.72* 
Sp 10-plants (B) 3 4.85* 6.11* 0.76 10.45 
Sg 20-plants (C) 3 10.59** 14.21** 1.09 11.91 
Sy mild selection (D) 3 2.16 1.25 2.97 11.45 
Sg (F) 3 27.48** 6.70* 8.93** 23.67 
Among groups 4 1.44 3.57 0.96 5.57 
(A + B + C + D) vs. F 1 1.61 4.40 0.28 0.38 
A vs. (B + C + D) 1 4.01 6.14 0.25 5.68 
(B + C) vs. D 1 0.05 3.60 3.27 16.22 
B vs. C 1 0.08 0.15 0.05 0.01 
T X Lines 19 2.64 3.27 2.01 6.74 
Sp Original (A) 3 0.00 4.34 3.75 8.86 
Sp 10-plants (B) 3 2.16 1.67 3.49 1.13 
Sg 20-plants (C) 3 2.53 1.47 1.56 15.30 
Sy mild selection (D) 3 1.23 3.20 0.43 8.25 
Sg (F) 3 7.28** 3.50 1.17 3.59 
Among groups 4 2.63 4.87* 1.76 4.14 
(A + B + C + D) vs. F 1 7.77* 3.77 0.91 2.02 
A vs. (B + C + D) 1 0.89 1.60 0.10 6.03 
(B + C) vs. D 1 1.63 7.74 2.82 8.51 
B vs. C 1 0.21 6.38 3.20 0.00 
Error 
a 1.54 1.88 1.37 9.26 
(134) C134) (164) (134) 
^Error degrees of freedom various with each trait and is given in 




Leaf Plant Ear row Ear Ear Kernel 
width height height number length diameter depth 
1.3379 3910.81 1490.07 1.06 4.01 0.1048 0.0899 
5.6859** 265.72** 99.51** 3.72** 8.85 0.1091** 0.0107 
0.3610 0.04 37.25 0.03 4.62 0.0250 0.0010 
4.7981 278.29 26.44 8.19** 125.01 0.0000 0.0438* 
5.8452** 272.21** 102.98** 3.70** 5.98 0.1143** 0.0101 
180.5000** 2675.83** 0.66 2.69** 101.46** 0.0231 0.0313* 
0.3973 157.06 27.59 0.94** 2.29* 0.0569* 0.0102 
2.1008** 260.85** 183.76** 6.51** 4.65** 0.1765** 0.0089 
0.3497 259.48 140.85** 6.51** 2.99 0.2392** 0.0100 
2.6569* 332.06* 48.27 4.76** 2.44 0.1742** 0.0054 
3.4283** 454.13** 347.66** 5.49** 1.48 0.1722** 0.0100 
1.3647 81.93 185.54** 16.16** 9.53** 0.2742** 0.0087 
5.1943** 394.33* 347.79** 6.44** 8.84** 0.2362** 0.0054 
0.2334 47.62 70.27 1.43** 3.11* 0.0163 0.1267** 
0.7875 7.86 155.81* 4.79** 1.88 0.0028 0.0075 
0.0010 173.88 38.39 0.21 2.80 0.0422 0.0292* 
0.1450 207.57 0.98 0.70 5.86* 0.0113 0.0113 
0.0001 1.18 85.91 0.00 1.89 0.0090 0.0025 
0.3973 157.06 27.59 0.94** 2.29* 0.0569* 0.0102 
0.5860 41.90 24.94 0.71* 6,09** 0.0542 0.0150 
0.0707 192.67 12.49 1.53** 0.96 0.1332** 0.0222* 
0.3433 290.67* 15.01 0.97** 1.02 0.4423** 0.0083 
0.5017 215.67 27.85 0.78 1.75 0.0324 0.0049 
0.5633 111.33 66.07 1.58** 3.12 0.0929* 0.0051 
0.3403 106.16 21.28 0.29 1.15 0.0026 0.0070 
0.0241 0.17 0.46 0.83 1.15 0.0072 0.0007 
1.1160 9.27 76.52 0.01 1.25 0.0007 0.0181 
0.0232 308.95 7.92 0.00 1.32 0.0001 0.0088 
0.1980 106.26 0.22 0.30 0.88 0.0025 0.0003 
0.7753 106.49 31.35 0.24 1.24 0.0235 0.0078 
(164) (134) (134) (134) (134) (134) (134) 
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Source df plant •weight Yield 
Replications 4 0.0023 121.79 6.7193 
Entries 41 0.0014 287.67** 2.2951** 
Checks 1 0.0000 118.34 0.0723 
Checks vs. Expérimentais 1 0.0028 2047.86** 34.7000** 
Expérimentais 39 0.0014 246.87** 1.5212** 
Testers 1 0.0002 437.78** 13.3645** 
T X Lines 19 0.0014 72.10 1.2621 
Lines 19 0.0015 411.60** 1.1563 
$2 Original 3 0.0003 386.48** 0.0962 
S2 10-plants 3 0.0003 217.32* 0.5925 
S2 20-plants 3 0.0003 795.12** 0.8672 
S„ mild selection 3 0.0009 429.21** 0.6141 
4 3 0.0053** 682.56** 3.4407** 
Among groups 4 0.0019 72.06 1.2861 
(A + B + C + D) vs. F 1 0.0072* 214.19 0.5859 
A vs. (B + C + D) 1 0.0000 57.79 2.6477 
(B + C) vs. D 1 0.0004 6.85 1.8992 
B vs. C 1 0.0001 9.42 0.1128 
T X Lines 19 0.0014 72.10 1.2621 
S2 Original 3 0.0003 49.68 2.4843* 
S2 10-plants 3 0.0003 52.93 0.7448 
S2 20-plants 3 0.0002 257.01** 1.2890 
S„ mild selection 3 0.0002 12.27 0.3961 
Sg 3 0.0063** 26.14 2.5562* 
Among groups 4 0.0008 43.97 0.3935 
(A + B + C + D) vs. F 1 0.0008 55.84 0.6933 
A vs. (B + C + D) 1 0.0013 9.85 0.2232 
(B + C) vs. D 1 0.0010 1.27 0.5558 







Table All. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of hybrids evaluated in 
Experiment 14 at Atomic Energy in 1985 
Mean squares 
Pollen- Tassel 
Days to Days to silk branch 
Source df anthesis silk interval number 
Replications 4 8.13 7.20 0.30 44.32 
Entries 41 10.57** 8.42** 3.72** 22.15** 
Checks 1 0.02 4.02 3.60 42.85** 
Checks vs. Expérimentais 1 0.00 2.68 3.86 341.14** 
Expérimentais 39 11.12** 8.68** 3.73** 13.44** 
Testers CT) 1 228.44** 128.32** 15.13** 40.23** 
T X Lines 19 3.62** 2.36* 2.69* 7.28** 
Lines 19 7.19** 8.70** 4.16** 18.19** 
S2 Original (A) 3 5.74** 2.85 3.27 24.74** 
S_ 10-plants (B) 3 5.79** 8.93** 0.60 15.49* 
S2 20-plants (C) 3 13.20** 13.92** 1.27 28.40** 
S„ mild selection (JD) 3 1.41 8.98** 4.30* 21.43** 
Sg CF) 3 11.54** 4.54* 10.36** 17.44** 
Among groups 4 5.87** 11.93** 4.90* 5.78 
(A + B + C + D) vs. F 1 3.11 18.18** 6.13* 8.37 
A vs. (B + C + D) 1 6,41* 19.52** 3.68 0.00 
(B + C) vs. D 1 9.44** 9.28** 0.00 14.63* 
B vs. C 1 4.56 0.74 9.80** 0.12 
T X Lines 19 3.62** 2.36* 2.69* 7.28** 
S„ Original (A) 3 3.01 0.68 2.60 11.80** 
Sg 10-plants (B) 3 0.34 2.88 3.53 4,46 
S. 20-plants (C) 3 7.87** 3.97* 1.67 10.99** 
St mild selection (D) 3 1.31 1.94 2.20 5.48 
4 
3 7.30** 4.21* 2.69 10.53* 
Among groups 4 2.3 0.97 3.28 2.12 
(A + B + C + D) vs. F 1 2.28 1.79 8.00* 0.21 
A vs. (B + C + D) 1 1.87 1.98 0.03 6.97 
(B + C) vs. D 1 0.00 0.09 0.07 0.00 
B vs. C 1 5.05 0.00 5.00 1.29 
Error 
a 
1.30 1.22 1.43 2.44 
(134) (134) (164) (134) 
^Error degrees of freedom various with each trait and is given in 




Leaf Plant Ear row Ear Ear Kernel 
width height height number length diameter depth 
1.9033 169.44 85.15 11.48 3.72 0.0880 0.0178 
6.4898** 140.64** 150.15** 17.94 11.82** 0.1650** 0.0232** 
0.0010 31.86 13.81 0.04 18.23** 0.0723 0.0123 
5.6349** 18.15 0.00 7.37 125.14** 0.0666 0.0575 
6.6781** 146.57** 157.69** 18.67* 8.75** 0.1699** 0.0226** 
179.5513** 2213.12** 408.84** 45.94 135.30** 1.2561** 0.0365 
0.6862 59.95** 44.34* 12.39 3.16** 0.0779** 0.0155* 
3.5714** 124.43** 257.82** 23.52* 7.67** 0.2047** 0.0289** 
4.2243** 118.55** 231.71** 6.69 4.75* 0.5549** 0.0654** 
2.9069** 126.86** 46.55 9.24 24.90 0.0780 0.0162 
1.6763 117.95** 526.58** 4.78 2.37 0.1549** 0,0205 
6.2420** 49.32 81.94* 17.08 7.30** 0.2584** 0.0416** 
7.1156** 285.36** 569.33** 81.24** 6.92** 0.1420** 0.0272* 
0.3403 67.49* 132.56** 22.44 1.75 0.0926** 0.0092 
0.8978 140.32* 376.27** 87.14** 3.74 0.0014 0.0027 
0.1470 0.95 45.54 0.07 0.87 0.1558* 0.0115 
0.0634 3.43 87.60 0.01 2.36 0.0601 0.0000 
0.2531 125.25* 20.80 0.52 0.02 0.1531* 0.0028 
0.6862 59.95** 44.34* 12.39 3.16** 0.0779** 0.0155* 
0.3967 37.34 24.23 0.23 1.71 0.0163 0.0114 
0.9233 14.02 68.23 2.82 8.82** 0.2070** 0.0241 
1.2433 134.67** 25.42 0.71 0.68 0.0822* 0.0229 
1.1776 20.28 18.34 1.00 3.08 0.0237 0.0187 
0.5067 154.67** 130.02** 47.83* 2.98 0.0980 0.0049 
0.0671 12.77 10.58 19.38 2.07 0.0496 0.0019 
0.0450 0.17 9.45 76.04* 2.70 0.1845** 0.0318 
0.0403 0.19 6.59 0.79 0.30 0.0071 0.0015 
0.0920 49.50 25.74 0.33 1.32 0.0007 0.0005 
0.0911 4.23 0.54 0.36 3.96 0.0061 0.0138 
0.7358 27.16 24.14 12.19 1.23 0.0244 0.0093 
(164) (134) (134) (134) (134) (134) (.134) 
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Checks vs. Expérimentais 1 
Expérimentais 39 
Testers 1 
T X Lines 19 
Lines 19 
Sg Original 3 
S2 10-plants 3 
S2 20-plants 3 
S„ mild selection 3 
I Among groups 4
(A + B + C + D) vs. F 1 
A vs. (B.+ C + D) 1 
(B + C) vs. D 1 
B vs. C 1 
T X Lines 19 
$2 Original 3 
S2 10-plants 3 
Sg 20-plants 3 
S„ mild selection 3 
f Among groups 4
(A + B + C + D) vs. F 1 
A vs. CB + C + D) 1 
CB + C) vs. D 1 
B vs. C 1 
Error 
0.0032 33.60 3.2309 
0.0045** 460.25** 5.7484** 
0.0040 401.32** 9.7023** 
0.0011 1452.06** 67.1975** 
0.0046** 436.33** 4.0714** 
0.0242** 117.50 56.9778** 
0.0034 40.44 2.5954** 
0.0048** 849.01** 2.7628** 
0.0029 1078.98** 2.1115 
0.0123** 985.09** 9.0482** 
0.0016 760.74** 0.8284 
0.0013 1434.13** 1.5022 
0.0109** 841.06** 0.5987 
0.0011 207.81** 2.5566* 
0.0010 5.86 4.8438* 
0.0000 131.93* 1.2762 
0.0027 273.92** 0.2344 
0.0005 419.53** 3.8720* 
0.0034 40.44 2.5934** 
0.0009 22.85 0.9144 
0.0063 18.41 6.5655** 
0.0063 44.45 1.7591 
0.0013 96.65* 3.2645* 
0.0062 11.93 2.5076* 
0.0004 46.36 1.0697 
0.0001 3.07 3.2195 
0.0002 17.50 0.6564 
0.0000 112.20 0.2667 
0.0005 52.65 0.1361 
0.0022 29.99 0.8868 
(134) (134) (.164) 
Table A12. Degrees of freedom and mean squares from analyses of variance 
for 11 plant, ear, and grain traits of hybrids evaluated in 
Experiment 14 at Ankeny in 1985 
Mean squares 
Tassel 
branch Leaf Plant 
Source df number width height 
Replications 4 8.31 0.2869 877.19 
Entries 41 29.36** 4.8904** 294.85** 
Checks 1 30.97** 0.1690 3.25 
Checks vs. Expérimentais 1 351.45** 4.4482** 41.62 
Expérimentais 39 21.06** 5.0228** 308.82** 
Testers CT) 1 143.99** 135.4658** 5536.67** 
T X Lines 19 9.01** 0.5757 89.69 
Lines 19 26.64** 2.6045** 252.81** 
S„ Original (A) 3 39.00** 5.0711** 146.31 
Sp 10-plants (B) 3 31.76** 1.8022** 102.59 
$2 20-plants (C) 3 15.77** 2.2159** 594.54** 
Sg mild selection (D) 3 44.14** 1.4483* 93.27 
S8 CF) 3 29.18** 3.6308** 286.37** 
Among groups 4 6.65* 1.7452** 283.52** 
(A + B + C + D) vs. F 1 11.74* 1.2720 73.39 
A vs. (B + C + D) 1 0.32 0.0035 57.62 
(3 + C) vs. D 1 12.15* 5.6888** 386.21* 
B vs. C 1 2.38 0.0165 616.88** 
T X Lines 19 9.01 0.5757 89.69 
S2 Original (A) 3 16.58** 0.5481 40.18 
S_ 10-plants (B) 3 4.41 0.7233 126.53 
$2 20-plants (C) 3 16.56** 0.8453 80.78 
Sp mild selection (C) 3 7.35* 0.0297 17.94 
Sg (F) 3 5.03 1.1517 207.22* 
Among groups 4 5.34 0.2615 71.56 
(A + B + C + D) vs. F 1 0.13 0.1944 114.91 
A vs. (B + C + D) 1 0.57 0.1863 32.24 
(B + C) vs. D 1 18.15** 0.6427 23.03 
B vs. C 1 2.52 0.0405 116.04 
Error 
a 
2.41 0.4417 59.39 
(164) (134) (134) 
^Error degrees of freedom various with each trait and is given in 




Ear row Ear Ear Kernel 
height number length diameter depth 
193.77 1.92 18.51 0.3224 0.0216 
199.45** 2.00** 12.78** 0.1506** 0.0289** 
2.12 0.12 2.76 0.0003 0.0023 
31.35 1.54 145.65** 0.5115** 0.0906** 
208.82** 2.06** 9.63** 0.1452** 0.0280** 
3074.84** 1.07 202.61** 2.3005** 0.1378** 
54.27** 1.22* 4.23* 0.0442 0.0172** 
212,52** 2.95** 4.87** 0.1328** 0.0331** 
152.61** 2.69** 4.17 0.2172** 0.0218* 
46.53 1.56 3.83 0.2902** 0.0748** 
359.33** 3.66** 2.14 0.0752 0.0302** 
58.12 6.57** 8.30** 0.0588 0.0114 
497.32** 2.40* 2.17 0.1504** 0.0589** 
174.02** 1.36 7.69* 0.0372 0.0093 
277.42** 3.85* 20.27** 0.0102 0.0015 
13.97 1.58 5.93 0.0000 0.0092 
275.42** 0.00 2.19 0.0862 0.0210 
129.29** 0.02 2.38 0.0525 0.0053 
54.27** 1.22* 4.23* 0.0442 0.0172** 
69.26 4.73** 7.03* 0.0115 0.0005 
109.12** 0.42 4.80 0.0862 0.0355** 
47.84 0.39 4.05 0.0145 0.0086 
2.06 1.52 2.94 0.0428 0.0182 
104.56** 3.62** 5.69 0.0704 0.0404** 
8.12 0.96 1.73 0.0408 0.0041 
26.57 1.84 1.86 0.0443 0.0078 
3.71 0.51 0.00 0.0470 0.0047 
1.29 0.65 3.38 0.0192 0.0023 
0.92 0.83 1.68 0.0525 0.0015 
26.72 0.61 2.29 0.0350 0.0073 
C134) C134) C134) (134) (164) 
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Replications 4 0.0234 69.16 8.4369 
Entries 41 0.0130 342.51** 4.3189** 
Checks 1 0.0000 58.08 1.4823 
Checks vs. Expérimentais 1 0.0104 166.74** 61.9583** 
Expérimentais 39 0.0134 354.31** 2.9137** 
Testers (T) 1 0.1225** 1937.53** 46.0800** 
T X Lines 19 0.0104 26.65** 0.9846 
Lines 19 0.0105** 598.65** 2.5708** 
S2 Original 3 0.0316* 901.87** 1.2070 
S- 10-plants 3 0.0087 693.30** 4.5021** 
S2 20-plants 3 0.0004 481.05** 2.1932 
S„ mild selection 3 0.0029 754.09** 4.5151** 4 3 0.0012 944.64** 2.0411 
Among groups 4 0.0162 12.37 1.3000 
CA + B + C + D) vs. F 1 0.0210 4.12 3.8712* 
A vs. CB + C + D) 1 0.0075 0.88 0.7881 
CB + C) vs. D 1 0.0293 26.80 0.2407 
B vs. C 1 0.0070 17.67 0.3001 
T X Lines 19 0.0104 26.65** 0.9846 
Original 3 0.0209 35.99 1.6763 
S" 10-plants 3 0.0070 17.15 0.4894 
S2 20-plants 3 0.0024 27.54 0.7895 
mild selection 3 0.0072 19.73 0.3512 4 3 0.0194 55.59* 0.9387 
Among groups 4 0.0069 9.58 1.4931 
(A + B + C + D) vs. F 1 0.0001 12.50 0.2907 
A vs. (B + C + D) 1 0.0002 10.33 0.0814 
(B + C) vs. D 1 0.0271 0.00 2.4402 
B vs. C 1 0.0000 15.49 3.1601 
Error M w 0.0091 18.04 0.8507 
(134) (164) (134) 
Table A13. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of hybrids evaluated in 
Experiment 14 at Ames in 1986 
Mean squares 
Pollen- Tassel 
Days to Days to silk branch 
Source df anthesis silk interval number 
Replications 4 0.95 0.28 0.91 0.43 
Entries 41 8.61** 4.36** 7.55** 34.52** 
Checks 1 0.00 0.78 0.14 25.92** 
Checks vs. Expérimentais 1 2.79* 0.14 5.60* 438.19** 
Expérimentais 39 8.98** 4.56** 7.79** 24.39** 
Testers (T) 1 153.04** 0.29 137.78** 504.19** 
T X Lines 19 3.53** 1.48** 1.81* 5.78** 
Lines 19 6.84** 7.85** 6.92** 17.75** 
Sp Original (A) 3 5.09** 5.30** 6.32** 19.26** 
S. 10-plants (B) 3 5.36** 8.62** 5.97** 15.23** 
S. 20-plants (C) 3 12.45** 8.94** 8.34** 34.54** 
S„ mild selection (D) 3 4.17** 16.91** 9.60** 9.10** 
Sg (F) 3 10.48** 1.50* 11.14** 26,03** 
Among groups 4 4.32** 6.34** 1.87 6.2]** 
CA + B + C + D) vs. F 1 0.94 8.68** 4.21* 3.24 
A vs. (B + C + D) 1 12.43** 6.94** 0.97 1.74 
(B + C) vs. D 1 3.83* 9.30** 1.06 19.87** 
B vs. C 1 0.09 0.41 1.21 0,00 
T X Lines 19 3.53** 1.48** 1.81* 5.78** 
Sg Original (A) 3 3.82** 2.26** 1.86 10,09** 
Sg 10-plants (B) 3 2.72** 0.23 2.04 8,21** 
Sg 20-plants (C) 3 5.79** 4.16** 4.05** 6.81** 
S^ mild selection (D) 3 4.71** 0.54 1.83 3.94 
Sg (F) 3 4.48** 2.10** 0.91 5.48* 
Among groups 4 0.63 0.09 0.61 1.54 
(A + B + G + D) vs. F 1 2.36 0.00 1.71 0,02 
A vs. (B + C + D) 1 0.02 0.03 0.03 0.55 
(B + C) vs. D 1 0.03 0.11 0.23 2.78 
B vs. C 1 0.09 0.22 0.46 2.79 
Error 
a 0.64 0.54 0.87 1.55 
(134) (134) (134) (134) 
^Error degrees of freedom various with each trait and is given in 




Leaf Plant Ear row Ear Ear Kernel 
width height height number length diameter depth 
0.2466 29.08 . 131.34 0.03 0.44 0.0209 0.0062 
3.7226** 374.98** 303.90** 3.96** 5.73** 0.1271** 0.0147** 
0.1690 31.33 553.54** 0.40 0.40 0.0160 0.0000 
1.0674* 43.15 1768.31** 13.37** 77.84** 0.2031** 0.0450** 
3.8818** 392.30** 259.95** 3.81** 4.01** 0.1280** 0.0143** 
114.6098** 16.79 33.74 2.67** 76.69** 0.3200** 0.0435** 
0.4441** 166.23** 95.05* 0.94** 0.99 0.0693** 0.0128** 
1.4918** 638.12** 436.75** 6.75** 3.20** 0.1766** 0.0143** 
2.1984** 442.87** 482.84** 4.88** 2.20 0.3287** 0,0118 
0.6254* 1122.79** 212.37** 5.18** 3.23* 0.1347** 0.0196* 
1.5958** 1436.67** 967.42** 5.69** 5.35** 0.1313** 0.0198* 
0.7071* 467.32** 306.13** 14.30** 7.41** 0.3087** 0.0161* 
3.6151** 403.00** 766.00** 8.93** 0.22 0.1233** 0.0105 
0.5295 126.58* 23.46 2.84** 1.39 0.0692** 0.0097 
0.9453* 182.59* 39.98 10.26** 0.38 0.0288 0.0002 
0.0422 161.70 0.20 0.03 0.53 0.0853* 0.0263* 
1.1138* 79.20 45.37 0.08 0.31 0.0006 0.0000 
0.0165 62.84 8.29 0.99 4.32* 0.1620** 0.0125 
0.4441** 166.23** 95.05* 0.94** 0.99 0.0693** 0.0128** 
0.3133 25.02 114.14 0.99* 1.35 0.0247 0.0084 
0.4644 178.34** 50.96 0.49 0.35 0.0787** 0.0069 
0.8997** 217.08** 74.34 2.45** 0.39 0.1697** 0,0101 
0.3077 141.97* 35.23 0.20 1.09 0.0207 0.0071 
0.6127 349.67** 273.92** 0.94* 1.86 0.0897** 0.0058 
0.1609 105.22 39.84 0.64 0.91 0.0415 0.0100 
0.1035 38.85 11.32 0.00 0.90 0.1513** 0.0371** 
0.5135 371.18** 135.52 1.08 1.84 0.0007 0.0009 
0.0003 0.04 4.31 1.40 0.79 0.0135 0.0000 
0.0263 10.80 8.22 0.07 0.10 0.0005 0.0020 
0.2187 44.14 49.27 0.32 0.93 0.0182 0.0054 
C134) (134) (134) (164) (134) (134) (134) 
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Replications 4 0.0010 13.30 1.2056 
Entries 41 0.0008 468.27** 5.2079** 
Checks 1 0.0000 333.51** 0.0160 
Checks vs. Expérimentais 1 0.0016 3566.23** 74.8707** 
Expérimentais 39 0.0008 392.28** 3.5548* 
Testers 1 0.0005 605.52** 6.0031 
T X Lines 19 0.0008 99.35** 2.7507 
Lines 19 0.0010 673.97** 4.2300* 
Sp Original 3 0.0009 672.15** 2.0412 
S2 10-plants 3 0.0016 540.63** 6.0309* 
20-plants 3 0.0007 857.85** 3.1314 
St mild selection 3 0.0009 1017.57** 2.5984 
4 3 0.0007 940.52** 5.6457* 
Among groups 4 0,0012 179.86** 5.5068* 
CA + B + C + D) vs. F 1 0.0010 245.26** 0.2064 
A vs. (B + C + D) 1 0.0002 65.45 0.3281 
(B + C) vs. D 1 0.0004 0.59 0.8882 
B vs. C 1 0.0031 408.16** 20.6045** 
T X Lines 19 0.0008 99.35** 2.7507 
Sg Original 3 0.0016 44.78 0.0969 
S_ 10-plants 3 0.0002 39.93 10.9550** 
S2 20-planta 3 0.0007 340.12** 1.6455 
S„ mild selection 3 0.0015 35.78 0.8152 
4 3 0.0007 58.83 2.3513 
Among groups 4 0.0001 82.33 1.1718 
(A + B + C + D) vs. F 1 0.0001 2.79 2.9222 
A vs. (B + C + D) 1 0.0000 74.06 0.0921 
CB + C) vs. D 1 0.0000 23.63 1.4727 
B vs. C 1 0.0001 228.83** 0.2000 
Error 0.0009 30.49 2.0980 
(134) (134) (134) 
Table A14. Degrees of freedom and mean squares from analyses of variance 
for 14 plant, ear, and grain traits of hybrids evaluated in 
Experiment 14 at Atomic Energy in 1986 
Mean squares 
Pollen- Tassel 
Days to Days to silk branch 
Source df anthesis silk interval number 
Replications 4 10.01 4.38 1.79 2.67 
Entries 41 10.18** 5.89** 6.69** 22.45** 
Checks 1 3.36 0.29 1.60 13.11 
Checks vs. Expérimentais 1 2.18 0.57 6.32* 239.66** 
Expérimentais 39 10.56** 6.17** 6.83** 17.12** 
Testers CT) 1 223.03** 28.80** 92.48** 165.16** 
T X Lines 19 2.37 2.08 2.07 4.24 
Lines 19 7.56** 9.08** 7.08** 22.18** 
S2 Original (A) 3 8.76** 7.90** 8.73** 16.03** 
S2 10-plants (B) 3 8.98** 14.75** 9.27** 38.49** 
S2 20-plants (C) 3 12.47** 9.10** 4.96* 27.33** 
S„ mild selection (D) 3 0.78 13.09** 9.95** 21.85** 
Sg (F) 3 11.69** 0.88 8.80** 19.14** 
Among groups 4 3.91 8.84** 2.34 13.23** 
C A + B  +  C  +  D ) v s ,  F  1 12.04** 10.87** 0.02 17.70* 
A vs. (B + C + D) 1 3.19 21.11** 7.50* 2.11 
(B + C) vs. D 1 0.02 0.09 0.34 31.43** 
B vs. C 1 0.37 3.30 1.52 1.69 
T X Lines 19 2.37 2.08 2.07 4.24 
S„ Original (A) 3 2.01 1.23 2.47 5.38 
$2 10-plants (B) 3 0.52 1.64 0.73 3.45 
S2 20-plants (C) 3 0.72 0.60 1.16 3.77 
Sg mild selection (D) 3 3.31 2.54 3.49* 6.84 
Sg (f) 3 6.42* 4.51* 1.47 2.97 
Among groups 4 1.50 1.97 2.84 3.33 
(A + B + C + D) vs. F 1 0.57 3.69 7.22* 0.01 
A vs. (B + C + D) 1 0.16 1.80 0.83 3.17 
CB + C) vs. D 1 0.05 1.69 1.20 6.10 
B vs. C 1 5.23 0.68 2.11 4.03 
Error 
a 
1.69 1.41 1.31 3.05 
(134) (134) (134) (134) 
^Error degrees of freedom various with each trait and is given in 




Leaf Plant Ear row Ear Ear Kernel 
width height height number length diameter depth 
0.6163 224.87 93.22 0.39 6.22 0.0775 0.0051 
4.0781** 242.22** 322.49** 2.99** 6.88** 0.0784** 0.0080** 
0.0640 181.48 11.66 0.06 3.31 0.0250 0.0003 
1.0488 42.44 521.39** 7.87** 75.91** 0.1045** 0.0469** 
4.2587** 247.90** 325.46** 2.94** 5.20** 0.0791** 0,0072* 
83.4632** 412.99 435.13** 1.82* 77.31** 0.3528** 0.0406** 
0.7571 165.73 163.47** 0.67** 2.48 0.0320** 0.0052 
3.5917** 323.44** 481.47** 5.26** 4.12** 0.0118** 0.0075* 
3.3132** 153.74 246.14** 6.51** 6.36** 0.2042** 0.0029 
0.4833 828.78** 370.69** 4.39** 1.67** 0.0259 0.0102 
5.7904** 85.69 778.44** 6.12** 5.21* 0.0521* 0.0036 
3.3063** 251.08 537.09** 9.98** 6.16** 0.1727** 0.0084 
8.4189** 624.27** 1038.15** 4.92** 0.22 0.2101** 0.0144* 
1.0763 78.65 59.14 1.02** 4.83* 0.0325 0.0058 
2.4864* 2.44 141.12 3.14** 3.88 0.0294 0.0004 
0.0333 284.28 43.68 0.45 1.38 0.0019 0.0022 
0.2312 7.280 28.84 0.41 1.57 0.0667* 0.0008 
1.5540 20.60 22.90 0.08 12.48** 0.0120 0.0195* 
0.7571 165.73 163.47** 0.67** 2.48 0.0320** 0.0052 
1.5182* 75.38 343.37** 0.65 4.44* 0.0085 0.0109 
0.6567 109.89 129.76* 0.81 1.97 0.0377* 0.0002 
0.3024 256.27 43.50 0.32 3.60 0.0074 0.0037 
0.7527 60.80 30.11 0.26 2.38 0.0156 0.0002 
0.6662 439.31* 442.93** 1.91** 1.16 0.1141** 0.0127* 
0.6737 80.98 34.15 0.24 1.61 0.0145 0.0041 
1.2246 170.57 29.64 0.05 0.23 0.0140 0.0005 
0.0047 3.23 2.08 0.68 2.24 0.0158 0.0000 
0.3961 59.80 33.45 0.16 3.36 0.0220 0.0046 
1.0695 90.31 71.44 0.08 0.61 0.0061 0.0113 
0.5313 125.21 44.33 0.26 1.52 0.0137 0,0045 
(134) (164) (164) (164) (134) (134) (134) 
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Replications 4 0.0051 71.35 6.2446 
Entries 41 0.0031 328.78** 2,9979** 
Checks 1 0.0010 893.03** 1.6000 
Checks vs. Expérimentais 1 0.0000 1992.99** 64.9667** 
Expérimentais 39 0.0033 271,64** 1.4448 
Testers 1 0.0005 996.81** 4.5150* 
T X Lines 19 0.0032 53.18** 0.8343 
Lines 19 0.0037 451.93** 1.8935* 
Sg Original 3 0.0062 521.68** 1.9422 
S2 10-plants 3 0.0009 506.28** 0.4892 
Sg 20-plants 3 0.0060 603.41** 2.9259 
S„ mild selection 3 0.0047 600.71** 1.6068 
=8 3 0.0003 436.69** 0.4852 
Among groups 4 0.0040 70,10* 3.4076* 
(A + B + C + D) vs. F 1 0.0021 118.27* 2.7145 
A vs. CB + C + D) 1 0.0002 3,27 0.6308 
CB + C) vs. D 1 0.0034 147.89* 2.2523 
B vs. C 1 0.0001 10.95 8.0328** 
T X Lines 19 0.0032 53.18** 0.8343 
Original 3 0.0054 34.87 1.7587 
Sg 10-plants 3 0.0030 7.68 0.4838 
Sg 20-plants 3 0.0036 8.12 0.3425 
S„ mild selection 3 0.0020 55.87 0.7434 
4 3 0.0022 172.16** 
1.5889 
Among groups 4 0.0028 43.59 0.2751 
C A + B + C + D )  v s .  F  1 0.0000 1.62 0.4371 
A vs. (B + C + D) 1 0.0068 143,45* 0.0175 
(B + C) vs. D 1 0.0034 22.57 0.5368 
B vs. C 1 0.0011 6.78 0.1088 
Error — I 1 0.0027 25.14 1.0269 
C134) (164) (134) 
Table A15. Degrees of freedom and mean squares from analyses of variance for seven plant, ear, and 
grain traits of hybrids evaluated in Experiment 14 at Ankeny in 1986 
Mean squares 
Kernel 300-
row Ear Ear Kernel Ears_^ kernel 




Checks vs. Ex; 
Expérimentais 
Testers (T) 
T X Lines 
Lines 
Sg Original (A) 
Sg 10-plants (B) 
Sg 20-plants (C) 
Sg (F) 
Among groups 
(B + C) vs. 
B vs. C 
4 1. 00 4 .90 0. 0573 0.0027 0.0184 53 .38 2. 9902 
41 2. 37** 7 .02** 0. 1003** 0.0162** 0.0121* 297 .15** 3. 5934** 
1 0. 00 1 .76 0. 0203 0.0090 0.0000 215 .76** 1. 1903 
lis 1 9. 81** 17 .35* 0. 1374* 0.0250* 0.0203 303 .66** 1. 2229 
39 2. 24** 6 .89** 0. 1014** 0.0164** 0.0122* 299 .07** 3. 7158** 
1 0. 31 3 .44 0. 0253 0.0265* 0.0421* 144 .25* 18. 0300** 
19 0. 58* 5 .92 0. 0798** 0.0141** 0.0129* 59 .52 3. 2319* 
19 4. 01** 8 .04** 0. 1269** 0.0183** 0.0100 546 .78** 3. 4463* 
3 5. 30** 6 .54 0. 2438** 0.0327** 0.0043 700 .29** 3. 8510 
3 3. 54 6 .77 0. 1185** 0.0088 0.0017 662 .52** 1. 8975 
3 2. 35** 5 .80 0. 0867* 0.0270** 0.0189 612 .52** 0. 3322 
(D) 3 5. 93** 18 .55** 0. 0885* 0.0077 0.0167 624 .65** 4. 5598* 
3 6. 96** 7 .05 0. 2052** 0.0291** 0.0069 817 .23** 5. 0196* 
4 0. 98* 4 .64 0. 0457 0.0078 0.0109 34 .29 4. 6252* 
vs. F 1 3. 44** 0 .77 0. 1540* 0.0288* 0.0036 36 . 66 4. 8205 
>) 1 0. 54 14 .54 0. 0060 0.0008 0.0255 16 .08 4. 3130 
1 0. 11 0 .12 0. 0000 0.0015 0.0030 83 .96 1. 8027 
1 0. 31 3 .12 0. 02278 0.0001 0.0118 0 .47 7. 5645* 
T X Lines 
Sg Original (A) 
Sg 10-plants (B) 
Sg 20-plants (C) 
Sg mild selection (D) 
Sg (F) 
Among groups 
(A + B + C + D) vs. 
A vs. (B + C + D) 
(B + C) vs. D 
B vs. C 
Error 
19 0.58** 5.92 
3 0.43 5.37 
3 0.50 0.69 
3 0.58 5.14 
3 0.39 11.34* 
3 1.27* 1.32 
4 0.38 10.23* 
F 1 1.06 16.60 
1 0.37 1.59 
1 0.07 10.42 
1 0.03 12.32 






























































Table A16. Days to anthesls means for S2 lines evaluated in Experiment 
12, data combined over four environments 
S2 S2 S2 So LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
days 
1 18.9 18.7 17.6 18.4 
2 20.3 18.7 19.4 19.5 
3 17.5 16.6 16.5 16.9 
4 19.5 19.8 18.7 19.3 
5 20.9 20.2 19.8 20.3 
6 18.8 17.5 17.3 17.9 
7 19.6 18.8 20.1 19.5 
8 16.9 18.0 17.5 17.5 
9 17.3 17.0 17.2 17.2 
10 16.1 15.5 17.3 16.3 
11 17.8 17.6 17.7 17.3 17.6 
12 19.5 20.0 20.3 17.4 19.3 
13 17.7 17.3 15.8 17.9 17.2 
14 17.3 17.1 16.7 16.9 17.0 
Table A17. Days to silk means for S2 lines evaluated in Experiment 12, 
data combined over four environments 
S2 So S2 S2 LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
days 
1 20.8 20.2 20.4 20.5 
2 22.0 19.6 20.5 20.7 
3 19.3 18.7 19.2 19.1 
4 22.1 21.8 21.0 21.6 
5 23.2 22.8 22.7 22.9 
6 20.7 18.8 19.8 19.8 
7 22.4 21.3 23.4 22.4 
8 18.4 19.5 19.7 19.1 
9 20.0 18.3 19.4 19.2 
10 18.1 17.7 20.1 18.6 
11 20.4 20.4 19.8 20.1 20.2 
12 20.8 21.3 21.3 18.3 20.4 
13 19.4 20.7 18.1 18.5 19.2 
14 18.7 18.4 18.6 17.9 18.4 
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Table A18. Pollen-silk interval means for S2 lines evaluated in Experi­
ment 12, data combined over four environments 
S2 S2 S2 Sg LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
days 
1 2.0 1.5 2.8 2.1 
2 1.7 1.0 1.1 1.3 
3 1.8 2.2 2.7 2.2 
4 2.6 2.0 2.3 2.3 
5 2.3 2.6 3.0 2.6 
6 1.9 1.3 2.5 1.9 
7 2.8 2.5 3.4 2.9 
8 1.1 1.5 2.2 1.6 
9 2.7 1.3 2.2 2.1 
10 2.0 2.3 2.8 2.4 
11 2.6 2.9 2.1 2.8 2.6 
12 1.3 1.4 1.0 1.0 1.2 
13 1.8 3.4 2.3 0.6 2.0 
14 1.5 1.4 1.9 1.2 1.5 
Table A19 Ears plant ^ means for S9 lines evaluated in Experiment 12, 
data combined over four environments 
S2 S2 S2 s. LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
1 0.88 0.95 0.92 0.92 0.08 
2 0.93 0.99 1.09 1.00 
3 0.88 0.82 0.78 0.83 
4 0.91 0.94 0.94 0.93 
5 0.89 0.99 0.94 0.94 
6 0.82 0.89 0.75 0.82 
7 0.90 0.89 0.81 0.87 
8 0.93 0.89 0.80 0.87 
9 0.75 0.93 0.76 0.80 
10 0.90 0.90 0.87 0.89 
11 0.93 0.92 0.95 0.95 0.94 
12 0.90 0.88 0.87 0.99 0.91 
13 0,88 0.70 0.91 0.91 0.85 
14 0.94 0.83 0.95 0.97 0.92 
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Table A20. Tassel branch number means for S2 lines evaluated in 
Experiment 12, data combined over four environments 
S2 S2 §2 S2 LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
1 20.0 21.8 22.0 21.6 
2 16.1 15.9 15.9 16.0 
3 21.0 21.5 21.3 21.3 
4 13.4 11.8 13.4 12.9 
5 18.8 12.5 13.3 13.2 
6 18.2 18.1 17.2 17.8 
7 16.2 18.0 15.1 16.4 
8 16.2 16.9 20.1 17.7 
9 20.0 19.9 19.4 19.8 
10 17.0 12.6 16.3 15.3 
11 9.3 8.9 10.1 8.9 9.3 
12 15.5 17.2 16.8 12.1 15.4 
13 14.3 13.7 15.6 12.6 14.1 
14 15.9 16.2 16.1 15.2 15.9 
Table A21. Leaf width means for S2 lines evaluated in Experiment 12, 
data combined over four environments 
S2 S2 S2 S2 LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
cm-
1 9.08 9.14 9.37 9.20 
2 10.70 9.73 9.98 10.14 
3 10.02 9.41 9.55 9.66 
4 10.24 10.39 9.93 10.19 
5 12.15 11.89 10.85 11.63 
6 9.25 9.22 9.48 9.32 
7 8.88 8.35 8.65 8.63 
8 10.51 10.40 10.79 10.57 
9 10.42 10.57 10.29 10.43 
10 10.39 9.95 9.97 10.10 
11 9.10 9.25 9.10 9.32 9.19 
12 10.12 10.06 10.14 9.69 10.00 
13 11.16 10.73 11.67 10.73 11.07 
14 9.34 9.32 9.33 9.40 9.35 
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Table A22. Plant height means for $2 lines evaluated in Experiment 12, 
data combined over four environments 
S2 S2 S2 S2 _ LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
cm-
1 175.5 165.5 155.2 165.4 
2 174.6 166.8 175.8 172.4 
3 162.2 158.6 169.3 163.4 
4 156.3 154.8 160.9 157.3 
5 163.4 157.9 161.7 161.0 
6 172.9 158.7 163.4 165.0 
7 161.8 162.2 159.7 161.0 
8 170.1 170.6 162.6 167.8 
9 165.4 161.5 159.1 162.0 
10 157.1 157.2 162.0 158.8 
11 139.5 134.1 138.3 136.8 137.2 
12 175.3 172.8 175.0 162.0 171.3 
13 157.2 163.2 171.0 157.3 162.2 
14 150.7 147.1 147.3 152.2 149.3 
Table A23. Ear height means for Sg lines evaluated in Experiment 12, 
data combined over four environments 
S2 So So S2 LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
cm-
1 95.4 89.7 86.5 90.5 
2 90.0 76.5 94.2 86.9 
3 89.3 80.1 90.1 86.5 
4 75.2 71.6 78.2 75.0 
5 78.6 77.3 73.7 76.5 
6 86.7 88.4 78.2 84.4 
7 83.0 82.3 86.5 83.9 
8 79.3 81.3 75.4 78.7 
9 65.1 68.1 64.2 65.8 
10 79.6 70.8 82.7 77.7 
11 62.4 61.0 59.9 61.2 61.1 
12 85.4 81.8 84.7 74.5 81.6 
13 71.2 80.2 71.9 71.8 71.3 
14 62.7 64.3 64.2 62.6 63.5 
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Table A24. Kernel row number means for S2 lines evaluated in 
Experiment 12, data combined over four environments 
S2 s. s. S2 LSD 
Entries Original 10-pIants 20-plants mild selection X (0.05) 
1 16.3 16.7 17.3 16.9 0.9 
2 13.4 13.5 13.1 13.3 
3 16.8 16.3 15.7 16.3 
4 20.1 20.4 . 20.2 20.2 
5 15.4 15.9 14.7 15.3 
6 17.4 18.0 17.8 17.7 
7 16.8 16.0 16.0 16.3 
8 16.9 16.8 16.4 16.7 
9 15.1 13.6 14.4 14.4 
10 20.2 19.1 20.0 19.8 
11 19.3 19.4 19.3 20.6 19.7 
12 15.7 16.0 15.9 15.0 15.7 
13 17.3 17.1 17.8 17.7 17.5 
14 15.7 14.6 16.0 14.5 15.2 
Table A25. Ear length means for S2 lines evaluated in Experiment 12, 
data combined over four environments 
S2 S2 S2 Sg LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
cm-
1 10.7 11.5 10.6 10.9 
2 12.5 14.1 15.2 13.9 
3 11.5 11.7 10.6 11.3 
4 12.6 13.3 13.3 13.1 
5 11.6 13.1 12.7 12.5 
6 11.8 11.0 10.5 11.1 
7 12.9 12.5 11.8 12.4 
8 13.3 11.0 10.9 11.7 
9 10.6 14.6 11.3 12.2 
10 11.4 11.3 10.0 10.9 
11 12.1 12.0 12.7 13.1 12.5 
12 12.6 12.1 12.3 14.3 12.8 
13 11.0 9.0 13.9 11.2 11.3 
14 12.0 10.0 10.8 11.7 11.1 
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Table A26. Ear diameter means for S2 lines evaluated in Experiment 12, 
data combined over four environments 
S2 S2 S2 S2 LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
cm-
1 4.38 4.25 4.41 4.35 
2 4.29 4.12 4.11 4.17 
3 4.18 4.13 3.75 4.02 
4 4.22 4.01 4.13 4.12 
5 4.24 4.37 4.11 4.24 
6 4.09 4.13 4.16 4.13 
7 4.17 4.03 4,19 4.13 
8 4.68 4.65 4.35 4.56 
9 4.18 4.08 4.12 4.13 
10 4.73 4.55 4.60 4.63 
11 4.32 4.37 4.23 4.31 4.31 
12 4.03 3.98 3.92 3.95 3.97 
13 4.77 4.47 4.80 4.64 4.67 
14 3.98 3.81 4.04 3.84 3.92 
Table A27. Kernel depth means for S2 lines evaluated in Experiment 12, 
data combined over four environments 
Sg So S2 So _ LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
cm-
1 0.77 0.78 0.78 0.78 
2 0.86 0.89 0.80 0.85 
3 0.73 0.75 0.61 0.70 
4 0.84 0.72 0.77 0.77 
5 0.84 0.87 0.83 0.85 
6 0.70 0.76 0.69 0.72 
7 0.61 0.58 0.61 0.60 
8 0.90 0.88 0.73 0.85 
9 0.72 0.71 0.68 0.70 
10 0.93 0.85 0.84 0.87 
11 0.73 0.77 0.71 0.72 0.73 
12 0.75 0.66 0.69 0.74 0.71 
13 0.90 0.61 0.88 0.85 0.81 
14 0.62 0.56 0.66 0.61 0.61 
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Table A28. 300-kernel weight means for S2 lines evaluated In Experi­
ment 12, data combined over four environments 
S2 S2 S2 S2 LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
g' 
1 78.5 74.2 79.3 77.3 
2 99.4 90.4 91.8 93.9 
3 63.4 63.6 57.2 61.4 
4 60.1 54.7 55.1 56.6 
5 69.6 68.6 70.9 69.7 
6 67.9 70.5 68.7 69.0 
7 62.1 63.7 63.0 62.9 
8 83.5 83.6 76.8 81.3 
9 88.3 91.5 90.2 90.0 
10 67.9 65.8 67.0 66.9 
11 57.2 53.9 54.7 50.9 54.2 
12 68.4 67.9 71.7 66.0 68.4 
13 92.7 87.3 88.7 83.3 88.0 
14 72.1 68.0 70.4 76.5 71.8 
Table A29. Grain yield means for S2 lines evaluated in Experiment 12, 
data combined over four environments 
S2 S2 S2 S2 LSD 
Entries Original 10-plants 20-plants mild selection X (0.05) 
•Mg ha ^ 
1 3.47 3.92 3.42 3.60 
2 4.07 4.64 4.41 4.37 
3 3.34 3.19 2.98 3.17 
4 4.24 4.14 4.24 4.21 
5 3.79 4.27 3.75 3.94 
6 3.65 3.43 3.21 3.43 
7 3.43 3.21 2.71 3.12 
8 4.89 4.04 3.60 4.18 
9 3.59 4.53 3.35 3.82 
10 4.62 4.14 3.83 4.20 
11 3.18 3.35 3.16 3.21 3.23 
12 3.89 3.35 3.46 4.20 3.73 
13 4.04 2.49 5.81 4.08 4.11 
14 3.36 2.52 2.88 2.92 2.92 
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Table A30. Days to anthesis means for hybrids evaluated in Experiments 
13 and 14, data combined over environments.and testers 
S2 S2 S2 S2 mild _ LSD 
Entries Original 10-plants 20-plants Sg selection X (0.05) 
days 
1 13.9 13.0 12.5 12.3 12.9 
2 14.4 14.5 14.2 13.5 14.2 
3 12.2 12.2 12.2 14.0 12.7 
4 13.8 14.2 13.8 13.6 13.9 
5 15.1 14.9 13.8 13.4 14.3 
6 13.3 12.1 12.5 • 14.7 13.2 
7 14.8 14.8 14.8 15.8 15.1 
8 12.1 12.4 12.6 13.9 12.8 
9 13.3 12.3 12.7 12.2 12.6 
10 12.6 11.7 12.6 12.8 12.4 
11 13.4 13.0 13.0 12.9 12.9 13.0 
12 14.7 14.3 14.9 15.4 13.6 14.6 
13 13.6 13.5 12.9 13.3 13.2 13.3 
14 13.1 12.7 12.6 13.2 12.6 12.8 
Table A31. Days to silk means for hybrids evaluated in Experiments 13 
and 14, data combined over environments and testers 
S2 S2 S2 S2 mild _ LSD 
Entries Original 10-plants 20-plants Sg selection X (0.05) 
days 
1 15.7 15.0 14.5 14.0 14.8 
2 15.8 15.7 15.6 15.8 15.7 
3 14.5 14.3 14.4 15.5 14.7 
4 16.2 16.6 16.2 16.4 16.4 
5 16.7 16.5 15.7 15.1 16.0 
6 15.0 13.8 13.9 16.2 14.7 
7 17.5 16.8 17.2 18.2 17.4 
8 14.1 14.4 14.7 15.7 14.7 
9 15.0 13.8 14.6 14.4 14.5 
10 14.9 13.8 15.1 14.5 14.6 
11 16.0 15.3 15.4 15.8 15.5 15.6 
12 16.0 15.7 16.3 16.2 15.0 15.8 
13 15.5 15.2 14.7 15.1 14.5 15.0 
14 14.6 13.7 13.9 15.3 13.4 14.2 
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Table A32. Pollen-silk interval means for hybrids evaluated in Experi­
ments 13 and 14, data combined over environments and testers 
S2 S2 S2 S2 mild LSD 
Entries Original 10-plants 20-plants 
^8 selection X (0.05) 
ays 
1 1.9 2.0 2.0 1.6 1.9 0.4 
2 1.4 1.2 1.4 2.3 1.6 
3 2.3 2.1 2.2 1.4 2.0 
4 2.3 2.4 2.4 2.7 2.5 
5 1.6 1.5 2.0 1.7 1.7 
6 1.7 1.8 1.4 1.4 1.6 
7 2.7 2.1 2.4 2.4 2.4 
8 1.9 2.0 2.1 1.8 2.0 
9 1.7 1.5 1.8 2.3 1.8 
10 2.3 2.1 2.5 1.7 2.2 
11 2.6 2.3 2.4 2.9 2.5 2.5 0.7 
12 1.3 1.4 1.5 0.8 1.4 1.3 
13 1.9 1.7 1.8 1.8 1.3 1.7 
14 1.5 1.0 1.4 2.1 0.8 1.4 
Table A33. Tassel branch number means for hybrids evaluated in Experi­
ments 13 and 14, data combined over environments and testers 
S2 S2 S2 S2 mild LSD 
Entries Original 10-plants 20-plants S8 selection X (0.05) 
1 18.2 18.4 18.1 16.8 17.9 0.7 
2 17.0 17.0 17.4 18.8 17.6 
3 18.9 18.9 18.1 18.7 18.7 
4 17.1 16.6 17.7 19.3 17.7 
5 17.0 16.4 15.5 17.0 16.5 
6 16.2 16.5 17.0 16.5 16.6 
7 17.8 18.6 18.4 17.2 18.0 
8 16.3 17.3 17.9 17.3 17.2 
9 18.4 17.2 17.8 17.2 17.7 
10 16.4 16.9 17.2 15.8 16.6 
11 18.2 17.6 17.7 17.4 17.2 17.6 0.3 
12 15.9 16.9 17.2 14.3 13.8 15.6 
13 14.8 15.4 15.5 15.9 15.5 15.4 
14 15.4 15.1 14.5 14.4 15.1 14.9 
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Table A34. Leaf width means for hybrids evaluated in Experiments 13 
and 14, data combined over environments and testers 
Sg S2 S2 S2 mild _ LSD 
Entries Original 10-plants 20-plants Sg selection X (0.05) 
cm-
1 11.52 11.63 11.67 11.64 11.62 
2 11.62 11.53 11.52 10.98 11.41 
3 11.39 11.16 11.24 11.05 11.21 
4 11.45 11.67 11.21 11.47 11.45 
5 12.55 12.86 12.13 12.69 12.56 
6 11.44 11.31 11.45 11.20 11.35 
7 10.54 10.72 10.66 10.43 10.59 
8 11.52 11.58 11.85 11.80 11.69 
9 11.42 11.49 11.32 11.57 11.45 
10 11.44 11.73 11.67 12.00 11.71 
11 11.21 11.34 11.32 11.02 11. 13 11.20 
12 12.02 12.13 11.98 12.63 11. 63 12.08 
13 12.23 12.05 12.35 11.71 12. 23 12.11 
14 11.61 11.91 11.60 11.20 16. 64 11.59 
Table A35. Plant height means for hybrids evaluated in Experiments 13 
and 14, data combined over environments and testers 
S2 S2 S2 S2 mild _ LSD 
Entries Original 10-plants 20-plants Sg selection X (0.05) 
cm-
1 213.4 215.8 208.0 206.0 210.8 
2 226.8 220.6 223.2 227.6 224.6 
3 215.6 211.6 215.7 215.0 214.5 
4 212.8 210.3 213.1 217.7 213.5 
5 220.7 217.3 216.1 215.0 217.3 
6 218.6 214.7 218.2 219.2 217.7 
7 219.4 220.8 217.7 219.9 219.4 
8 213.7 215.1 212.8 226.7 217.1 
9 218.3 214.7 214.3 205.6 213.2 
10 214.9 211.3 217.3 214.9 214.6 
11 206.0 199.8 202.7 202.3 203. 6 202.9 
12 213.1 214.3 216.9 213.5 208. 4 213.4 
13 205.0 206.5 206.2 205.0 202. 5 205.0 
14 205.7 202.6 204.3 200.5 205. 9 203.8 
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Table A36. Ear height means for hybrids evaluated in Experiments 13 
and 14, data combined over environments and testers 
S2 S2 Sn S2 mild LSD 
Entries Original 10-plants 20-pIants Sg selection X (0.05) 
cm-
1 116.7 117.8 112.8 114.5 115.5 
2 120.4 113.7 117.9 118.1 117.5 
3 115.8 114.3 118.4 115.9 116.1 
4 107.7 105.6 110.2 108.5 108.0 
5 113.8 111.9 109.3 115.5 112.6 
6 113.5 112.5 110.9 113.2 112.5 
7 114.8 114.3 113.5 110.9 113.4 
8 107.9 109.3 107.4 118.0 110.7 
9 107.2 107.3 102.5 95.8 103.2 
10 112.2 108.6 114.4 111.3 111.6 
11 103.4 103.7 104.5 101.7 103. 8 103.4 
12 110.1 108.7 113.7 112.0 108. 2 110.5 
13 100.3 102.7 101.0 96.2 99. 2 99.9 
14 100.9 102.2 96.2 95.1 99. 1 98.7 
Table A37. Kernel row number means for hybrids evaluated in Experi­
ments 13 and 14, data combined over environments and testers 
S2 S2 S2 Sg mild LSD 
Entries Original 10-plants 20-plants S8 selection X (0.05) 
1 16.3 16.2 16.3 15.9 16.2 0.3 
2 14.1 14.3 14.3 13.9 14.2 
3 16.2 16.2 16.3 16.1 16,2 
4 17.8 17.8 18.0 17.7 17.8 
5 15.6 15.6 15.6 16.0 15,7 
6 16.0 16.1 16.8 15.6 16.1 
7 16.2 15.7 15.8 16.2 16,0 
8 15.6 16.1 15.6 16.0 15.8 
9 15.1 14.7 15.2 15.2 14.1 
10 17.2 16.2 16.9 16.5 16.7 
11 16.8 16.7 16.7 17.3 17.1 16.9 0.6 
12 15.2 15.4 15.3 15.2 14.9 15.2 
13 16.0 15.8 15.6 15.9 16.0 15,9 
14 15.5 15,6 15.7 17.0 15.2 15.8 
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Table A38. Ear length means for hybrids evaluated in Experiments 13 
and 14, data combined over environments and testers 
S2 S2 S2 S2 mild _ LSD 
Entries Original 10-plants 20-plants Sg selection X (0.05) 
cm-
1 15.7 15.9 15.9 15.7 15.8 
2 17.2 16.9 17.1 15.6 16.7 
3 15.7 16.4 15.9 14.4 15.6 
4 16.4 17.1 16.5 16.1 16.5 
5 15.4 15.7 15.7 16.0 15.7 
6 16.2 16.1 16.0 16.5 16.2 
7 16.1 16.8 16.1 17.0 16.5 
8 16.2 15.9 16.1 17.0 16.3 
9 16.0 16.3 15.3 15.0 15.7 
10 15.6 15.5 15.7 16.1 15.7 
11 16.3 16.2 16.1 15.5 16.0 16.0 
12 15.6 16.1 16.0 15.4 16.8 16.0 
13 15.4 15.0 15.2 15.4 14.6 15.1 
14 16.2 16.5 15.8 16.3 16,2 16.2 
Table A39. Ear diameter means for hybrids evaluated in Experiments 13 
and 14, data combined over environments and testers 
S2 S2 S2 S2 mild _ LSD 
Entries Original 10-plants 20-plants Sg selection X (0.05) 
cm-
1 4.65 4.65 4.70 4.63 4.66 
2 4.59 4.50 4.51 4.52 4.53 
3 4.65 4.67 4.64 4.58 4.64 
4 4.56 4.55 4.61 4.62 4.59 
5 4.60 4.60 4.55 4.48 4.56 
6 4.62 4.62 4.63 4.57 4.61 
7 4.51 4.47 4.54 4.59 4.53 
8 4.54 4.53 4.48 4.60 4.54 
9 4.58 4.55 4.53 4.46 4.53 
10 4.70 4.66 4.72 4.72 4.70 
11 4.66 4.64 4.62 4.70 4.60 4.64 
12 4.50 4.57 4.50 4.56 4.48 4.52 
13 4.84 4.69 4,67 4.69 4.74 4.73 
14 4.49 4.61 4.50 4.48 4.67 4.55 
199 
Table A40. Kernel depth means for hybrids evaluated in Experiments 13 
and 14, data combined over environments and testers 
^2 §2 S2 S2 mild _ LSD 
Entries Original 10-plants 20-plants Sg selection X (0.05) 
—cm-
1 0.95 0.91 0.94 0.92 0.92 
2 0.91 0.93 0.91 0.93 0.92 
3 0.92 0.93 0.92 0.92 0.92 
4 0.89 0.88 0.89 0.91 0.89 
5 0.95 0.94 0.94 . 0.90 0.93 
6 0.90 0.89 0.90 0.83 0.88 
7 0.80 0.80 0.82 0.85 0.82 
8 0.86 0.85 0.84 0.86 0.85 
9 0.85 0.86 0.83 0.87 0.85 
10 0.93 0.92 0.92 0.93 0.93 
11 0.89 0.88 0.88 0.90 - 0.87 0.89 
12 0.93 0.94 0.89 0.94 0.90 0.92 
13 0.96 0.93 0.94 0.91 0.94 0.94 
14 0.86 0.90 0.86 0.86 0,87 0.87 
Table A41. Ears plant ^ means for hybrids evaluated in Experiments 13 
and 14, data combined over environments and testers 
S2 S2 S2 S2 mild LSD 
Entries Original 10-plants 20-plants S8 selection X (0.05) 
1 0.99 0.98 0.99 0.99 0.99 0.03 
2 0.99 1.00 0.99 0.97 0.99 
3 0.98 0.98 0.97 0.92 0.96 
4 0.98 1.00 0.98 0.98 0.99 
5 0.96 0.98 0.98 1.00 0.98 
6 0.97 0.99 0.99 0.98 0.98 
7 0.98 0.99 0.95 0.98 0.98 
8 0.99 0.99 0.99 1.00 0.99 
9 0.97 0.98 0.96 0.99 0.98 
10 0.98 0.97 0.97 0.99 0.98 
11 0.99 0.99 0.99 0.97 0.97 0.98 0.03 
12 0.96 0.98 0.98 0.97 0.99 0.98 
13 0.99 0.98 0.97 0.95 0.95 0.97 
14 0.98 0.99 0.98 0.98 0.97 0.98 
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Table A42. 300-kernel weight means for hybrids evaluated in Experiments 
13 and 14, data combined over environments and testers 
S2 S2 S2 S2 mild LSD 
Entries Original 10-plants 20-plants Sg selection X (0.05) 
g 
1 85.0 85.5 86.5 87.3 86.1 
2 102.1 97.3 95.7 94.7 97.5 
3 81.6 83.3 84.1 88.6 84.4 
4 77.2 76.7 76.8 81.9 78.2 
5 82.4 81.0 82.6 77.7 80.9 
6 84.8 84.9 84.8 84.1 84.7 
7 85.8 86.6 87.4 87.7 86.9 
8 84.4 80.8 83.8 84.6 83.5 
9 96.0 93.3 93.4 90.0 93.2 
10 79.4 82.9 80.4 89.2 83.0 
11 74.0 74.0 73.3 73.6 70.7 73.1 
12 82.4 85.1 82.6 81.6 82.3 82.8 
13 93.2 90.4 90.4 93.8 91.5 91.9 
14 85.7 88.7 85.3 80.8 84.4 85.0 
Table A43. Grain yield means for hybrids evaluated in Experiments 13 
and 14, data combined over environments and testers 
S2 S2 S2 $2 mild LSD 
Entries Original 10-plants 20-plants S8 selection X (0.05) 
Mg ha ^ ———— —————— '— —— 
1 8.37 8.41 8.49 8.27 8.39 0.50 
2 9.08 8.72 8.82 8.12 8.69 
3 7.98 8.34 8.07 7.59 8.00 
4 8.54 8.95 8.63 8.55 8.67 
5 8.05 8.15 8.21 7.74 8.04 
6 8.23 8.16 8.12 8.15 8.17 
7 7.83 8.01 7.82 8.05 7.93 
8 7.84 7.92 7.71 8.55 8.01 
9 8.18 8.21 7.79 7.31 7.87 
10 7.71 7.64 8.10 8.19 7.91 
11 8.04 8.05 7.89 7.65 7.65 7.86 0.58 
12 7.96 8.73 8.16 8.18 8.58 8.32 
13 8.47 8.05 8.00 8.09 7.97 8.12 
14 8.13 8.70 7.76 8.05 8.05 8.14 
